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Abstract 
Researchers have suggested that engaging in visuospatial tasks, such as the videogame 
Tetris™, following a trauma may interfere with the development of intrusive images 
associated with posttraumatic stress disorder (PTSD). The present study attempted to 
replicate this finding using a trauma film paradigm. Furthermore, we were interested in 
identifying if participants who played Tetris would show changes in other symptoms 
associated with PTSD, such as enhanced startle responses. Participants (N = 129) were 
asked to view a film with traumatic content and were then randomly assigned to play 
either Tetris or to sit quietly for 10 min. Psychological reactivity (positive affect, negative 
affect, and dissociation) and physiological reactivity (cardiac measure of sympathetic and 
parasympathetic activity, heart rate, and salivary alpha amylase) were examined as 
potential predictors of the frequency of intrusive images. Our findings indicated that 
intrusive images occurred significantly less often amongst individuals assigned to the 
Tetris game-play condition. We were able to identify that the frequency of intrusive 
images was modulated by patterns of sympathetic arousal, dissociation, and affective 
reactivity. Furthermore, our results indicated that individuals who engaged in the Tetris 
task showed a heightened startle response to aversive material. These findings are 
discussed in terms of their relevance to etiological models, and the prevention of PTSD.  
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Psychological and Physiological Predictors of the Development and Modulation of 
Intrusive Images 
Throughout our daily activities, humans are constantly bombarded with an 
overwhelming amount of incoming sensory information.  In order to make sense of this 
information our brains are constantly filtering out irrelevant information and storing the 
relevant in memory.  The storage process generally acts in an adaptive manner whereby 
emotional states can enhance the consolidation of certain memories.  For example, human 
memory tends to be improved for situations that are deemed positive and provide some 
type of reward.  Drawing from an evolutionary example, while searching for food our 
ancestors would likely have excellent memory for where good sources of food were to be 
found, as memory for these locations was associated with positive outcomes (finding 
food) that contributed to their survival.  However, memory is not only improved through 
positive outcomes, it is also potentiated through negative emotional states and 
attributions.  For example, imagine that while searching for food our ancestors follows a 
certain path where they are viciously attacked by a wild animal and barely survive the 
encounter.  Based on this event, our ancestors would likely remember the incident very 
clearly and would avoid following the same path again as it would be associated with a 
threat to their survival.  In both examples, the emotional reaction to the situation would 
enhance memory, thus improving their chances of survival.  The utility of this type of 
facilitated memory continues to exist today and, in most situations, it acts in an adaptive 
function that facilitates survival. 
In recent years, the underlying physiological processes that lead to memory 
enhancement have received significant attention by researchers.  These processes involve 
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cognitive factors, such as the emotional interpretation of the event, and a diverse range of 
neurological events.  When faced with an arousing event the body produces 
neurohormones and neurotransmitters, most notably cortisol and noradrenalin, that 
interact with structures within the brain and effectively strengthen the memory.  This 
proposition was originally tested in animal models using conditioning paradigms, 
whereby learning tasks (e.g., how to navigate through a maze) were enhanced by 
providing rewards (e.g., food).  Similarly, when rats are exposed to aversive stimuli (e.g., 
mild electrical shocks) in certain locations within a cage, they tend to avoid these 
locations.   The biological underpinnings for this learning process suggest that, regardless 
of the negative or positive stimuli, changes in neurochemicals can predict the extent to 
which animals learn from these experience (for reviews of these topics see van Stegeren, 
2008; Wolf, 2008).  This process also extends to human learning and memory, 
particularly as it relates to memory associated with positive and negative events.    
 Although generally adaptive, the preferential encoding of emotionally relevant 
events can go awry.  This is particularly evident in the extreme example of posttraumatic 
stress disorder (PTSD).  PTSD occurs when individuals are faced with an overwhelming 
event that poses actual or threatened death or injury (American Psychiatric Association, 
2000).  Symptoms of PTSD include reexperiencing (e.g., intrusive recollections of the 
event, nightmares, and feeling as if the event were recurring), avoidance of stimuli 
associated with the trauma, and symptoms of increased arousal (e.g., difficulty sleeping 
and concentrating, irritability, hypervigilance, and enhanced startle responses).  Amongst 
these symptoms, those most commonly reported by individuals with PTSD are feelings 
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that the event is reoccurring (i.e., reexperiencing) and enhanced startle responses 
(Davidson, Hughes, Blazer, & George, 1991). 
Following the occurrence of a trauma, it is not uncommon for individuals to 
experience many of these symptoms that are generally considered to be adaptive in the 
context of a recently experienced trauma.  For example, this information is strongly 
consolidated into memory in order to avoid, or deal with, similar situations should they 
occur in the future.  For the majority of individuals, these symptoms tend to decline over 
a period of weeks to months following the trauma (Resick et al., 2008).  For this reason, 
PTSD is not diagnosed in individuals who show symptoms in a period of one month 
following the trauma.  Indeed, estimates suggest that less than 10% of individuals will 
develop PTSD following a trauma and that this may be dependent on the type and 
severity of the trauma (Breslau, 2009; Kessler, Sonnege, Bromet, Hughes, & Nelson, 
1995).  For individuals who do develop PTSD, the consequences are often severe and 
symptoms regularly interfere with daily functioning (American Psychiatric Association, 
2000).  Furthermore, many individuals with PTSD suffer the consequences of the 
disorder without ever seeking treatment (Davidson et al., 1991).  Therefore, it would be 
of great value to identify a method that would prevent the development of PTSD 
following the occurrence of a trauma.   
Currently, several models have been proposed that seek to explain the 
development of PTSD.  These include conditioning models (e.g., Amstadter Nugent, & 
Koenen, 2009; Pitman, 2006), cognitive models (e.g., Ehlers & Clark, 2000; Foa, 
Steketee, & Rothbaum, 1989), and biological models (e.g., McFarlane, Yehuda, & Clark, 
2002; Rauch, Shin, & Phelps, 2006).  Although each of these models emphasizes 
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different aspects of the development of PTSD, they do share at least four common tenets.  
First, each of these models acknowledges that physiological stress responses at the time 
of trauma contribute to the development of the disorder.  Second, the consequence of this 
response is increased coding and/or encoding of trauma-related memories.  Third, 
activation of these memories is associated with many of the symptoms of PTSD, 
particularly reexperiencing.  Fourth, the development of PTSD is likely due to adaptive 
responses that have become over-active, leading to pathological consequences such as 
avoidance and increased physiological reactivity.   Based on these theories, physiological 
stress responses have an important role in the development and maintenance of PTSD 
through their influence on memory.  However, many factors related to the development 
of PTSD remain unknown.  For example, the exact physiological mechanisms that lead to 
the development of symptoms such as reexperiencing and hyperarousal have yet to be 
identified.  This is unfortunate, as understanding how these mechanisms operate will 
likely be a key factor in preventing the development of PTSD following a trauma.   
 Recently, it has been suggested that use of certain cognitive interventions may 
interfere with the formation of trauma memories associated with PTSD (e.g., Holmes, 
Brewin, & Hennessy, 2004; Holmes, James, Coode-Bate, & Deeprose, 2009; Stuart, 
Holmes, & Brewin, 2006).  These findings are based on the dual representation theory of 
PTSD that proposes to explain the memory processes underlying both the development 
and maintenance of PTSD (Brewin, 2008; Brewin, Dalgeish, & Joseph, 1996).  Based on 
this theory, the authors have attempted to interfere with the development of PTSD-like 
symptoms through the use of visuospatial cognitive tasks and this approach has shown 
some promise.  For example, asking people to engage in something as simple as playing 
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the videogame Tetris™ has been shown to decrease the frequency of intrusive thoughts 
related to a traumatic film (Holmes et al., 2009).  However, the underlying psychological 
and biological mechanisms that contribute to the reduction of intrusive thoughts have not 
been thoroughly evaluated.  Furthermore, it has not yet been determined if the dual 
representation theory explains the development of other symptoms of the disorder, such 
as factors related to the development of increased arousal.   
 The current study intended to build on the findings reported by researchers that 
have used propositions drawn from the dual representation theory to reduce intrusive 
thoughts following a trauma.  Specifically, the present study examined how both 
biological and psychological factors could contribute to the development of intrusive 
thoughts in response to a trauma film, and how these responses may be altered through 
the use of a cognitive task.  An additional goal of this study was to examine the extent to 
which the dual representation theory may apply to other features of PTSD, particularly 
increased defensive responses.  In order to examine these issues, it is first necessary to 
review the dual representation theory and the research that supports it.  Following this 
review, a discussion will be provided regarding the physiological mechanisms that 
contribute to the development of intrusive thoughts.  Based on this information, specific 
hypotheses are made that provide the opportunity to further support the applicability of 
preventative strategies in reducing intrusive thoughts.  Finally, the possibility that the 
dual representation theory may also apply to symptoms related to increased arousal will 
be explored.  Collectively, the current study provides an opportunity to further our 
understanding of PTSD and, more importantly, provide additional information on how 
the development of PTSD may be avoided.    
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Dual-Representation Theory of the Development of PTSD  
 Intrusive memories, or flashbacks, are defined as recollections relating to 
traumatic events that occur spontaneously and without deliberate recollection (Holmes & 
Bourne, 2008).  These memories tend to have sensory components and often consist of 
visual images (Brewin, Dagleish, et al., 1996). Furthermore, these intrusive thoughts are 
often accompanied by the same emotions that occurred at the time of trauma. Although 
most healthy individuals experience intrusive thoughts on a daily basis, it is the frequency 
and severity of these thoughts that make them pathological (Brewin, Christodoulides, & 
Hutchinson, 1996; Holmes & Bourne, 2008). Dual representation theory suggests that the 
intrusive thoughts that occur in PTSD develop due to an imbalance between 
representations that are coded through two different memory systems at the time of 
trauma (Brewin, Gregory, Lipton, & Burgress, 2010).  
 The first of these is the contextual memory (C-memory) system and 
representations within this type of memory are referred to as C-reps. According to 
Brewin et al. (2010) C-reps are thought to contain information that is abstract, 
declarative, contextual, and autobiographical. Furthermore, C-reps are said to be accessed 
either voluntarily through purposeful recollection or involuntarily through associative 
cues. The neural basis of C-memory includes regions such as the medial temporal lobe 
(MTL) and associated systems related to declarative information, the hippocampus for 
spatio-temproal contextual information, and interactions between the hippocampus and 
neocortex for information related to semantic information. 
 Although the C-reps can explain some aspects of trauma related memory 
memories (e.g., the purposeful retrieval of the event), a second system is proposed to 
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explain the presence of flashback memories that are involuntarily. This second system, 
the sensory memory (S-memory) system and its associated representations (S-reps) 
primarily process lower level perceptual information.  During the encoding of episodic 
memory, the S-memory system is proposed to code perceptual information that is then 
used as the basis for the creation of higher-level representations. Therefore, S-reps are 
conceptualized as consisting of sensory based information and include visual and 
auditory information related to the event. 
In the context of nonstressful events, S-reps are said to quickly decay and become 
relatively inaccessible. However, during stressful events S-reps are enhanced through the 
interaction of areas of the brain. Of particular relevance to this enhancement are the 
insula, sensory association areas, and the amygdala (Craig 2002; Critchley, Wiens, 
Rothstein, Ohman, & Dolan, 2004). The consequence of this enhancement includes the 
addition of information related to autonomic markers of affective values related to the 
event, such as fear and disgust. S-reps are thought to be reactivated through incoming 
perceptual information or associative cues from higher level representations related to the 
event, a process that is proposed to occur in the precuneus (Brewin et al., 2010). 
 The dual representation theory suggests that individuals who experience a 
stressful event normally develop on association between the relevant S-reps and 
corresponding C-reps via representations in the precuneus. The result of this association 
is that the event can be integrated into sematic and autobiographical contexts. In other 
words, individuals can appropriately recognize that the event occurred in the past and that 
they are now safe and removed from danger. Furthermore, the association between S-reps 
and C-reps allows top-down control over these representations which permits conscious 
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processing of the events, the ability to distinguish the event from other similar events, and 
deliberate suppression of retrieval (Brewin 2007; Brewin, et al., 2010). This top-down 
control is proposed to occur through connections from the prefrontal cortex to the MTL, 
visual cortex, thalamus, hippocampus, and amygdala (e.g., Depue, Curran, & Banich, 
2007; Flectcher & Henson, 2001).  
Collectively, the association that develops between a S-rep and C-rep is likely 
adaptive as it allows individuals to consciously process the stressful event. However, dual 
representation theory suggests individuals who develop flashbacks associated with PTSD 
fail to develop the appropriate associations between a S-rep and a C-rep. The nature of 
this pathological encoding is proposed to be due to the effects of stress on memory that 
can impair hippocampal functioning (associated with C-reps) and potentiate amygdala 
influences on memory (associated with S-reps). For example, stressful experiences can 
produce dendritic atrophy and memory deficits within the hippocampus while also 
producing dendritic arborisation within the amygdala and enhanced affective memories 
(Howland, & Wang, 2008; Roozendaal, McEwen, & Chattarji, 2009; Vyas, Mitra, Rao, & 
Chattarji, 2002). As a result of these mechanisms pathological encoding occurs which is 
characterized by stronger S-reps, relatively weaker C-reps, and impaired connections 
between the two (Brewin et al., 2010). The combination of these processes is thought to 
result in individuals’ perception of reexperiencing the trauma, as the temporal and 
contextual information within the C-reps is not available to offset the enhanced S-rep.    
 The basis for pathological processing of information has been suggested to occur 
via two processes (Brewin, 2008; Holmes et al., 2004). First, some individuals experience 
peritraumatic dissociation, a process thought to be caused by the prefrontal cortex going 
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"off-line" in response to an excessive stressor which leads to feelings of 
depersonalization, disengagement, and psychological numbing.  As the C-reps allow for 
the conscious processing of contextual information, which relies on the prefrontal cortex, 
dissociation is thought to disrupt this encoding process (Brewin, 2008).  Since the 
development of S-reps do not rely on the prefrontal cortex and conscious processing, they 
can be produced at the time of trauma without interference. Several studies have 
suggested that dissociation plays a role in the development of PTSD. These studies 
indicate that individuals who report that they have higher levels of dissociation during, 
and following, a trauma are at a greater risk for developing PTSD (Halligan, Tanja, 
Clark, & Ehlers, 2003; Murray, Ehlers, & Mayou, 2002; Ozer, Best, Lipsey, & Weiss, 
2003).  It has been suggested that this process may be related to a decrease in 
physiological arousal at the time of trauma and immediately following the trauma 
(Brewin, 2008; Holmes et al., 2004).   
 The second pathway that may lead to an imbalance between C-reps and S-reps 
relates to an increase in arousal.  When faced with a traumatic situation some individuals 
experience a decrease in physiological arousal associated with dissociation and freezing 
behaviour, while others experience a significant increase in arousal thought to be 
associated with the fight-or-flight response (Brewin, 2008; Holmes et al., 2004).  This 
increase in arousal is most commonly reported in terms of an increase in heart rate (HR), 
sympathetic arousal, and activation of the hypothalamic-pituitary-adrenal (HPA) axis 
(Pitman, 2006). For example, several studies suggest that an increase in HR immediately 
following a trauma is associated with an increased risk of developing PTSD symptoms 
(Bryant, 2006; Bryant, Creamer, O'Donnell, Silove, & McFarlane, 2008; Kuhn, 
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Blanchard, Fuse, Hikcling, & Broderick, 2006).  The dual representation theory contends 
that an increase in arousal may contribute to the over-consolidation of S-reps, an effect 
that is likely due to physiological stress responses and their influences on the amygdala. 
Furthermore, the detrimental effects of stress on hippocampal structures may impact the 
development of C-reps or their availability to connect with associated S-reps (Brewin, 
2008; Brewin et al., 2010). 
Evidence for the Dual Representation Theory  
Based on the dual representation theory, several recent studies have provided 
support for the use of visuospatial tasks in impeding the development of intrusive 
memories.  As discussed by Holmes et al. (2009), the logic behind these interventions is 
based on the following rationale. First, trauma flashbacks generally consist of sensory-
perceptual images with visuospatial components.  Second, visuospatial cognitive tasks 
are thought to compete for limited resources with visuospatial trauma images in terms of 
memory consolidation. In other words, the S-memory system can only process a limited 
amount of information and visuospatial cognitive tasks may be used to replace trauma-
related material. Third, research on the neurobiology of memory consolidation indicates 
that there is a 6-hr time frame after an event during which the level of consolidation can 
be modified.  Therefore, it has been proposed that during this 6-hr interval, the use of 
visuospatial tasks can compete with the consolidation of trauma-related memories, thus 
reducing the saliency of these memories.  Recently, researchers have examined the 
possibility of modulating intrusive memories that are proposed to be analogous to the 
symptoms of reexperiencing that occur in PTSD. 
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One of the landmark studies in this area was conducted by Holmes et al. (2004).  
This study made use of a trauma film paradigm whereby healthy participants were asked 
to view a movie that consisted of scenes from a road accident, injured victims screaming, 
dead bodies being moved, and body parts among car wreckage.  The main outcome 
variable was the number of intrusive images from the film recorded in a diary throughout 
the week following viewing the film.   In their study, the authors conducted three 
experiments.  In the first experiment, the authors attempted to identify the influence of a 
visuospatial task and a dissociation manipulation task.  Participants were assigned to 
three separate groups.  The first group was asked to continuously tap a five-key sequence 
on a keyboard while viewing the film (visuospatial condition).  The second group was 
asked to stare at a small dot while viewing the film (dissociation condition). The third 
group served as a control condition and simply viewed the film without conducting any 
additional task.  The authors also examined self-report measures of state and trait 
dissociation to identify the extent to which scores on these measures were related to 
intrusive thoughts.  Furthermore, the authors recorded heart rate (HR) data, hypothesizing 
that individuals who had a reduced HR during film viewing would experience more 
intrusive thoughts. The major findings of this study indicated that individuals who were 
in the visuospatial condition experienced fewer intrusive thoughts as compared to the 
control or dissociation group; there was no difference between the latter two groups.  
However, an increase in state dissociation across all conditions was correlated with an 
increase in intrusive thoughts.  Finally, the authors found that there was a significant 
reduction in HR while viewing the films and that this was most evident during periods of 
the film associated with individual reports of intrusive thoughts.  The authors suggest that 
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this observation may be due to a defensive physiological "freezing response" that occurs 
when individuals view particularly disturbing scenes from the film. Collectively, these 
findings did support the first pathway to the development of intrusive images given that 
they provided evidence of a link between intrusive images, decreased arousal, and 
increased dissociative responses. 
The second experiment examined the influence of increasingly complex 
visuospatial tasks on reported intrusive thoughts following the experiment.  The same 
methodology used in the first experiment was implemented.  However, participants were 
randomly assigned to conditions that carried out visuospatial tasks of varying difficulty.  
Results of this study indicated a linear relationship existed between task difficulty and 
reductions in intrusive thoughts.  This finding supported the notion that visuospatial tasks 
compete for resources within the S-memory system. The finding that the frequency of 
reported intrusive images was related to dissociative responses and decreased HR was 
also replicated.   
The final experiment in this Holmes et al. (2004) study examined whether tasks 
that impair or enhance verbal processing would influence the occurrence of intrusive 
thoughts.  The authors made use of the same film paradigm as in the previous 
experiments.  In this experiment, one group was assigned to count backwards in threes 
(interference group) while the other group were asked to verbalize details of the film 
scene while watching it (enhancement group).  The authors also included a no-task 
control group.  Results from this experiment indicated that, as expected, participants in 
the verbal interference task reported significantly more intrusions as compared to the 
control condition.  However, there did not appear to be an increase in intrusions in the 
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enhancement group.  The authors suggest that this lack of enhancement may be due to 
lack of compliance to the task instructions.  It is important to note that this study failed to 
replicate the findings related to state dissociation that were reported in experiment one 
and two.  Furthermore, the association between decreased HR and dissociation were not 
significant in this experiment.   
Collectively, the findings of Holmes et al. (2004) study provided some support for 
the dual processing theory of intrusive memory formation.  Specifically, the study 
consistently demonstrated that visuospatial tasks that were carried out concurrently while 
watching the trauma film reduced the occurrence of intrusive thoughts throughout the 
following week.  In addition, the study also found some support for the role of 
dissociation in increasing the occurrence of intrusive thoughts, although this was not 
consistent across all experiments.   
There are some elements of this intriguing study that could be examined in more 
detail.  For example, in the first experiment all participants were screened to ensure that 
they were able to dissociate.  Not surprisingly, this study showed the strongest correlation 
between changes in dissociation and increased intrusive thoughts, as compared to other 
experiments in the study.  Therefore, this experiment may have selected a group of 
participants that would have overemphasized the first pathway (i.e., flashbacks are 
increased due to dissociation influences and decreased arousal) over the second pathway 
(i.e., flashbacks are increased due to augmented physiological reactivity) to the 
development of intrusive thoughts and images.  
 The relationship between dissociative reactions and physiological activity was 
not the main goal in the Holmes et al. (2004) study. Therefore, the study did not report on 
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the relationship between changes in HR and dissociative reactions. However, decreases in 
HR may have been expected to be negatively correlated with increases in dissociation; 
this would be expected given the first pathway discussed above. The Holmes et al. (2004) 
study also examined HR activity during film exposure. As discussed below, HR is a 
measure that is frequently used to assess physiological arousal. However, it has been 
criticized for providing an imperfect measure of overall arousal. Although it may appear 
contradictory, decreases in HR may be associated with increases in sympathetic activity 
combined with increases in parasympathetic activity. Therefore, although it is possible 
that there are two independent pathways that contribute to intrusive thoughts, there is 
some evidence that these two pathways may not be independent.  For example, there is a 
substantial amount of research in both animal and human models to suggest that an 
increase in physiological reactivity would be expected to contribute to overactive 
memory consolidation (for reviews see van Stegeren, 2008; Wolf, 2008), the opposite of 
what was observed in the Holmes et al. (2004) study.  Recently, Holmes and Bourne 
(2008) have emphasized that the relationship between physiological reactivity and 
intrusive thoughts, as they relate to the trauma film paradigm, are in much need of further 
examination.   
Several additional studies have been conducted using the trauma film paradigm 
(for a review see Holmes & Bourne, 2008), many of which have provided additional 
support for the dual representation theory and the ability to influence the frequency of 
intrusive thoughts experienced through the use of various cognitive tasks.  Of particular 
relevance to the present study is the work conducted by Holmes et al. (2009).  This study 
made use a trauma film paradigm and attempted to identify if a visuospatial task 
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implemented following, rather than during, film presentation would impact the frequency 
of intrusive memories.  In this study participants first viewed a trauma film and then 
completed a 30 min filler task, after which they were randomly assigned to one of two 
groups.  The first experimental group was assigned to play the popular videogame Tetris 
for a period of 10 min.  The authors indicated that Tetris has several desirable 
characteristics of a visuospatial task as it draws on skills related to mental rotation and 
requires visual and spatial processing.  The second group consisted of a control condition 
in which participants sat quietly for 10 min.  During the 10-min period, both groups 
recorded the frequency of intrusive thoughts that they experienced. Participants were also 
asked to record the number of intrusive images they experienced in a diary over the 
following week.  As expected, participants in the visuospatial Tetris condition 
experienced fewer intrusive images as compared to the control condition over the seven-
day period. Crucially, the authors found that individuals in the visuospatial condition also 
reported lower scores on a measure of clinical symptomatology of trauma based on the 
Impact of Events Scale (Weiss & Mamar, 1997).  In addition, the authors reported that 
voluntary memory for the film, based on a recognition memory task, did not differ across 
groups.  This would suggest that although trauma flashbacks were reduced, memories for 
the actual event appeared unaffected.   
An additional study by Holmes, James, Kilford, and Deeprose (2010) replicated 
and extended the findings described by Homes et al. (2009). Specifically, Holmes et al. 
(2010) made use of a similar experimental paradigm but assigned participants to either 
play Tetris, play a verbal trivia computer game, or to be in the no-task control group. In 
this study the authors made use of two experiments that used almost identical procedures. 
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The only difference between the two experiments was the timing of the task. Participants 
engaged in the task 30 min postfilm in the first experiment and 4 hr postfilm in the 
second. Results from this study indicated that individuals in the Tetris condition 
experienced fewer intrusions over the following week as compared to the other two 
conditions across both experiments. Furthermore, individuals who engaged in the verbal 
videogame experienced more intrusions as compared to the other two groups, but only 
when they engaged in the task 30 min postfilm. The authors propose that this finding may 
be due to verbal/conceptual interference worsening flashback-like memories during 
consolidation. Based on Brewin et al.’s (2010) dual representation theory, this finding 
could be interpreted to be the result of the verbal videogame occupying memory 
resources that would normally lead to the development C-reps. From this perspective, the 
lack of adequate C-reps would lead to more frequent image intrusions for individuals 
engaged in the verbal videogame. In contrast, engaging in the visuospatial game of Tetris 
would occupy memory resources normally used to develop S-reps, thus reducing the 
frequency of intrusive images in the week following the film.  
Taken together, the studies by Holmes et al. (2009, 2010) provide additional 
support for the dual processing theory of traumatic memory development. Furthermore, 
these findings have successfully applied this theory to create a method of modulating the 
frequency of intrusive images by simply asking individuals to play Tetris.  Unlike the 
earlier study described (Holmes, et al., 2004), these studies did not examine HR or any 
other physiological variable. In the present study we made use of a similar methodology 
while also assessing physiological indices as well as extending the study to incorporate 
other factors that are relevant to the development of intrusive memories.   
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The dual representation theory of intrusive thought development appears to have a 
substantial evidence base.  However, there are certain aspects of the theory that could 
benefit from further elaboration and experimental inquiry.  Specifically, although it has 
been suggested that there are underlying physiological and neurological contributions to 
the development and modulation of intrusive thoughts, these have not been thoroughly 
examined.  Indeed, the finding that viewing a trauma film is associated with a decrease in 
physiological (HR) reactivity and an increase in intrusive thoughts appears to contradict a 
great deal of research that suggests an increase in physiological reactivity is associated 
with stress and may predict the development of PTSD (e.g., Bryant, 2006; van Stegeren, 
2008).  In addition, Brewin and Holmes (2003) indicate the theory is currently limited to 
providing an explanation for the development of only one symptom of PTSD: 
reexperiencing.  However, it is also likely that similar mechanisms and physiological 
processes underlie the development of other types of symptoms.  Of particular interest is 
the possible contribution of these processes to PTSD symptoms related to hyperarousal.  
In the following sections, the relationship between physiological arousal and these 
symptoms will be examined in more detail. 
Physiological Contributions to Intrusive Memories  
As previously discussed, evidence for the dual representation theory of intrusive 
image formation has provided some conflicting evidence in terms of the physiological 
contributions to this process.  With the exception of the one study that was described 
above (Holmes et al., 2004) which examined HR data, there has been little direct 
assessment of the physiological processes that may underlie the creation of intrusive 
images based on this theory.  In fact, Holmes and Bourne (2008) have indicated that this 
PREDICTORS OF INTRUSIVE IMAGES 
 
18 
is an area that requires further elaboration.  Brewin et al. (2010) draw extensively from 
neurobiological studies of memory and suggest a role for the physiological stress 
response systems in the development of intrusive images.  Furthermore, the two pathways 
that have been proposed to lead to the development of intrusive images likely rely on 
physiological reactivity in response to trauma related material (Brewin, 2008; Holmes & 
Bourne, 2008).  However, this proposition has not been thoroughly tested. 
As previously discussed, Holmes et al. (2004) reported what would appear to be a 
decrease in physiological activity by way of an overall reduction in HR and this was 
associated with an increase in intrusive thoughts.  This finding is at odds with the 
considerable animal and human research in regards to stress responses related to 
emotional memory.  In order to gain a better understanding of this area, it is necessary to 
review the relevant findings related to physiological reactions to stressful events and 
clinical research related to the physiological contributions to the development of PTSD.  
However, the influences of stress on the body is a very complex topic and will only be 
briefly summarized as there are several recent comprehensive reviews providing a much 
more detailed account of these processes (e.g., Pitman, 2006; van Stegeren, 2008; Wolf, 
2008). 
In general, in response to a stressor the human body follows a typical response 
pattern that involves two phases.  In the first phase, a rapid response from the 
sympathetic nervous system (SNS) occurs resulting in the activation of various 
noradrenergic systems.  A cascade of signals originating from the hypothalamus and 
extending to the adrenal medulla characterizes this primary response.  In response to this 
signal the adrenal medulla rapidly releases adrenalin and noradrenalin. The result of these 
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processes is an increase in HR, breathing frequency, and sweat production (de Kloet, 
Marian, & Florian, 2005; Wolf, 2008).  Activation of the sympathetic nervous system 
also stimulates the vagus nerve that increases the noradrenergic tone in the brain through 
interactions with such regions as the locus coeruleus and the nucleus of the solitary tract.  
In turn, these regions stimulate various areas of the brain, most notably the amygdala.  A 
second slower response occurs through activation of the HPA axis.  This slower reaction 
is characterized by the release of stress hormones such as corticotrophin releasing 
hormone (CRH), vasopressin, adrenocorticotrophin (ACTH), and eventually cortisol 
(Charney, 2004; de Kloet et al., 2005).  The SNS and the HPA axis activate a diverse 
range of neurotransmitter systems (e.g., cholinergic, noradrenergic, sertonergic and 
dopaminergic systems) and have a range of effects on neuronal functioning including 
increased neuronal excitability, neuronal plasticity, dendritic remodelling, and 
neurogenesis (Wolf, 2008).   
One of the many consequences of this stress response is an increase in processing 
and storage of emotional information (LaBar & Cabeza, 2006).  From an evolutionary 
perspective this process is adaptive as the brain seeks to process information that is most 
relevant to survival, such as real or potential threats to survival.  As a result, it is not 
surprising that human memory for emotional information is generally better than it is for 
neutral information, as this improves defensive reactions to similar situations that may 
occur in the future (Cahill & McGaugh, 1998; McGaugh, 2000).  However, under certain 
circumstances this mechanism becomes maladaptive.  This has been observed across a 
number of psychiatric disorders characterized by an overactive stress response such as 
mood and anxiety disorders, especially PTSD (Wolf, 2008).  Of particular relevance to 
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the present study is first phase of the stress response, the activation of the sympathetic 
nervous system, which would appear to be a necessary component in the facilitation of 
emotional memory processing, particularly in the case of PTSD.   Evidence for this 
proposition stems from studies that have examined fear and stress responses in both 
animals and humans.   
In animal studies, noradrenergic agonists administered during encoding has been 
repeatedly shown to increase memory performance in all types of stress tasks 
(Roozendaal, McEwen, & Chattarji, 2009; Sandi & Pinelo-Nava, 2007; van Stegeren, 
2008).  Additional evidence stems from animal research that has made use of adrenergic 
antagonists, which effectively lead to decreased memory performance on the same tasks.  
Van Stegeren (2008) summarized results of several decades of research in this area and 
concluded that increased (nor)adrenaline leads to improved memory performance at the 
time of encoding, and shortly post-training, in a time- and dose-dependent fashion.   
Similar results have also been found in human studies.  For example, Nielson and 
Jensen (1994) examined elderly participants who were chronically taking β-receptor 
antagonists, which block adrenergic activity, to control hypertension.  The researchers 
then compared their performance on a long-term word recognition task while engaging in 
an activity designed to induce muscle-tension arousal.  Results from this study indicated 
that participants taking β-adrenergic receptor antagonists performed significantly worse 
as compared to individuals who were not taking these antagonists.  However, several 
studies indicate that reduction of emotional memories caused by β-adrenergic receptor 
antagonists is dependent on the level stress at the time of consolidation.  This suggests 
that stress hormones, such as glucocorticoids, may interact with the adrenergic system in 
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order to improve emotional memory consolidation (Cahill & Alkire, 2003; Cahill, Gorski, 
& Le, 2003; van Stegeren, Everaerd, & Gooren, 2002).  Glucocorticoids, such as cortisol, 
appear to have a dual effect on memory consolidation.  On one hand, glucocorticoids 
appear to be associated with enhanced long-term memory (Roozendaal, 2000).  On the 
other hand, glucocorticoids appear to decrease memory retrieval and impair working 
memory performance (de Quervain, Roozendaal, Nitsch, McGaugh, & Hock, 2000).  
Based on these findings, it has been suggested that the interaction between the 
noradrenergic system and glucocorticoids may explain the nature of PTSD symptoms that 
include both the enhancement of unwanted memories as well as deficits related to recall 
of information related to the trauma.  Indeed, van Stegeren (2008) proposes that a peak in 
noradrenergic activity may be responsible for the intrusive thoughts and recall of 
unwanted information in PTSD whereas memory deficits related to trauma are likely 
attributable the influence of cortisol.   
The mechanisms underlying memory enhancement likely consists of complex 
interactions between glucocorticoids and the adrenergic system.  However, there is 
evidence that the effects of cortisol on memory necessitate the influences of the 
noradrenergic system as well as the basolateral amygdala, as has been demonstrated in 
ablation studies in animals and fMRI studies in humans (Elzinga & Toelofs, 2005; 
Roozendaal, Okuda, de Quervain, & McGaugh, 2006; van Stegeren et al., 2007).  Indeed, 
the amygdala appears to be a critical structure involved in enhanced emotional memory 
as well as the dual representation theory.  Brewin et al. (2010) suggest that the selective 
memory processes associated with the S-reps, which are thought to be responsible for 
intrusive images, relies on the diffuse connections between the amygdala and various 
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regions of the brain responsible for memory and sensory processing.  This hypothesis is 
congruent with the animal and human studies discussed so far.  Indeed, there is ample 
evidence that the amygdala provides the "affective flavour" to memories and damage to 
this region leads to impaired emotional memory, particularly memories related to 
aversive material (Adolphs, Tranel, & Denberg, 2000; Cahill, Babinsky, Markowitsch, & 
McGaugh, 1995; Zald, 2003).  
An ingenious study has been carried out in order to further examine the role of the 
amygdala in the processing of emotional memory (van Stegeren et al., 2005).  
Participants were presented with emotional and neutral pictures after they had taken a β-
receptor antagonists or a placebo drug.  During the presentation of images, participants 
were scanned with an fMRI.  The authors proposed that if the noradrenergic activity is 
essential for processing emotional information within the amygdala, then individuals 
administered the β-adrenergic receptor antagonists should show significantly reduced 
activation in this area.  In order to establish if the arousal manipulation did produce a 
stress response the researchers took samples of salivary alpha amylase (sAA), a proposed 
marker for the activation of the noradrenergic system as well as the HPA-Axis (Rohleder, 
Nater, Wolf, Ehlert, & Kirschbaum, 2004; van Stegeren, Rohleder, Everaerd, & Wolf, 
2006).  Results from this study indicated that individuals in the placebo condition showed 
a significant elevation in sAA following exposure to negative emotional pictures.  This 
effect was not apparent in the group that received the β-receptor antagonists.  
Importantly, individuals in the placebo group showed significantly elevated activation of 
the amygdala while watching emotional versus neutral pictures. This effect was not 
apparent in the group administered β-receptor antagonists group. The authors concluded 
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that their findings support the role of noradrenalin in mediating activation within the 
amygdala during the encoding of emotional material.  It is also important to note that 
additional studies have found evidence that administration of β-adrenergic receptor 
antagonists interferes with aspects of memory related to the encoding and retrieval of 
emotional material (e.g., Chamberlain, Muller, Blackwell, Robbins, & Sahakian, 1999; 
Kroes, Strange, & Dolan, 2010; O'Carroll, Drysdale, Cahlil, Shajahan, & Ebmeier, 1999).   
Given the significance of these findings, the extent to which they apply to clinical 
models of PTSD have been examined by various researchers.  In fact, the contribution of 
physiological stress responses to the formation of traumatic memories and flashbacks are 
incorporated, to varying degrees, across almost every contemporary model of PTSD 
(Brewin, 2008; Ehlers & Clarke, 2000; Elzinga & Bremner, 2002; Pitman, 2006).  In 
particular, activation of noradrenergic systems at the time of trauma is suggested to be a 
key factor in the development of trauma memories and flashbacks (Bryant, 2006; Pitman, 
2006).  There exists substantial evidence to indicate that individuals with PTSD often 
demonstrate enhanced physiological arousal immediately following a traumatic incident 
as well as in periods of weeks or months following a trauma.  To date, research in this 
area has come primarily from three different types of studies.  First, many correlational 
studies have examined physiological arousal and stress responses in individuals who have 
been diagnosed with PTSD.  Second, there exist several prospective studies that have 
examined the extent to which physiological arousal immediately following a trauma can 
be used to predict the development of PTSD.  Finally, several recent studies have 
suggested that interventions that reduce physiological stress responses following trauma 
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decrease the likelihood of the development of PTSD.  Results from each of these lines of 
research will be briefly summarized.   
A multitude of studies have examined physiological arousal in individuals who 
have been diagnosed with PTSD.  Traditionally, researchers have examined increased 
physiological arousal in individuals with PTSD through using four different paradigms: 
resting baseline approaches, startle studies, standardized trauma cue studies, and 
idiographic trauma cue studies.  In the first meta-analysis to examine each of these types 
of studies, Pole (2007) examined the relationship between PTSD and the following 
physiological variables: facial electromyography (EMG), HR, skin conductance (SC), 
and blood pressure (BP).   Findings from this study indicate an overall elevation in 
physiological responses among individuals with PTSD, with effect sizes generally 
ranging from small to medium.  In addition, Pole reported that these variables differed 
across different study paradigms.  For example, for individuals in resting baseline studies 
only HR and SC were related to PTSD.  In startle studies, individuals with PTSD were 
found to have enhanced responses as assessed by EMG, HR, and SC. Across standardized 
trauma cue studies only increases in HR were found among individuals with PTSD.  In 
idiographic trauma cue studies several measures were associated with PTSD including 
EMG, HR, and SC.  An additional finding of interest is that individuals with more severe 
PTSD symptoms tended to have increased levels of physiological arousal across all 
parameters.  Overall, results from Pole's (2007) meta-analysis are in agreement with 
earlier meta-analyses, all of which indicate individuals with PTSD can often be 
characterized as having a heightened level of physiological arousal and reactivity (e.g., 
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Brewin, Andrews, & Valentine, 2000; Buckley & Kaplouek, 2001; Metzger, Orr, Berry, 
Anhern, Lasko, & Pitman, 1999; Ozer Best, Lipsey, & Weiss, 2003). 
Recently, researchers have started to examine the extent to which immediate 
physiological reactions that occur in response to a trauma can predict the development of 
PTSD. This research is in line with most theories that highlight the role of physiological 
arousal in general, and adrenergic influences in particular, as key contributors to the 
development of PTSD at the time of trauma (e.g., Bryant et al., 2006; Elzinga & Roelofs, 
2005; Pitman, 2006).  Two separate reviews of these studies have indicated that an 
increase in physiological arousal immediately following a trauma appears to be 
associated with increased risk of developing PTSD (Bryant, 2006; Delahanty & Nugent, 
2006).  Specifically, Bryant's review reported that eight of ten studies found evidence for 
the relationship between increased HR following a trauma and an increased risk of 
developing PTSD within the next year.  A recent multisite study of over 1,000 individuals 
exposed to trauma provided supportive evidence for this proposition, indicating that 
increased heart and respiration rate doubled the likelihood of an individual meeting 
diagnostic criteria for PTSD when assessed three months later (Bryant, Creamer, 
O'Donnell, Silove, & McFarlane, 2008).  An additional review conducted by Delahanty 
and Nugent (2006) reported similar findings, but also highlighted the fact that individuals 
who develop PTSD often show a decrease in cortisol levels immediately following a 
trauma, and this is predictive of PTSD at follow-up. These findings suggest that an 
increase in adrenergic activity at the time of trauma, combined with a lack of an 
appropriate cortisol response, may lead certain individuals to be at an increased risk of 
developing PTSD. 
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The clinical implication of the research summarized thus far suggests a key role 
of adrenergic system activation and the development of PTSD.  Recently, several 
innovative studies have attempted to draw on this proposition in order to prevent the 
development of PTSD through the administration of pharmacological agents that inhibit 
the adrenergic system and reduce physiological arousal.  Certainly, there has been ample 
evidence from animal studies suggesting that inhibition of the adrenergic system can lead 
to decreased fear conditioning responses (for reviews see Kindt, Soeter, Vervliet, 2009; 
Pitman, 2006; Rodrigues, LeDoux, & Sapolsky, 2009).  This approach has only recently 
been applied to humans who have experienced a trauma.  In an early study, individuals 
with PTSD were administered propranolol (a β-adrenergic receptor antagonist) 
immediately following the trauma. This led to a decreased conditioned fear response 
when tested three months later (Pitman et al., 2002).  Two additional studies have 
provided evidence that the administration of propranolol immediately following a trauma 
may reduce the risk of developing PTSD (Stein, Kerridge, Dimsdale, & Hoyt, 2007; 
Vaiva, et al., 2003).  Furthermore, there is some evidence that other agents known to 
interfere with adrenergic activity may also reduce the risk of developing PTSD: opioids, 
α-2-adrenergic agonists, and γ-amino butyric acid (GABA)-ergic agents (Pitman, 2006).   
The pharmacological approach to preventing PTSD may eventually prove to be an 
effective means of reducing the risk of developing PTSD.  However, it is important to 
note that the studies described here were generally exploratory and often consisted of 
small sample sizes and lacked random assignment and appropriate control conditions.  
Well controlled, large-scale studies are underway to further evaluate the utility of this 
preventive approach (Searcy, Bobadilla, Gordon, Jacques, & Elliott, 2012).  It is also 
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important to note that this approach is not without its critics who suggest this type of 
intervention can be criticized on moral, ethical, and legal grounds (e.g., Aoki, 2008; 
Henry, Fishman, & Youngner, 2007).  For example, these agents could interfere with 
recollections of a trauma that would be important if an individual were to testify in court.  
Alternatively, it has been argued that these agents may also interfere with normal day-to-
day memory functions.  As such, alternative approaches to prevention of PTSD through 
noninvasive cognitive tasks have been suggested.  To date, this approach has been 
successful at reducing the frequency of intrusive memories that occur within laboratory 
research paradigms (e.g., Brewin, 2008; Holmes et al., 2009; Holmes et al., 2004). 
Given the breadth of experimental and theoretical research summarized above, 
there would appear to be a link between physiological arousal in general, and 
(nor)adrenergic activity specifically, to the development of PTSD.  This link extends to 
most facets of PTSD, including the development of flashbacks and increased fear 
responses.  How, then, can the apparently contradictory findings reported by Holmes et 
al. (2004) be integrated into these findings? Recall that in Holmes’ analogue trauma film 
study, participants showed a decrease in HR while watching the trauma film and this was 
related to an increase in the occurrence of intrusive thoughts over the ensuing week.  
When the data were further analysed, the researchers identified that instances of the film 
that were associated with the content of flashbacks tended to occur during periods of 
decreased HR.  The authors suggest that this effect may be due to a dissociative 
"freezing" stress response aimed at increasing awareness of the environment and 
preparation of resources in the face of overwhelming stress.  
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Current perspectives acknowledge that HR is not modulated in a strictly 
antagonistic manner between sympathetic and parasympathetic systems.  Instead, it is 
currently accepted that HR is the function of three patterns of activity by the autonomic 
nervous system, which include parasympathetic and sympathetic influences.  The first 
pattern of activity is referred to as the reciprocal modes, where one branch's activity 
increases as the other decreases.  Alternatively, in the coactivated mode, both systems 
increase together to varying degrees.  Finally, in the uncoupled mode, one branch can 
increase with no corresponding change in the other system (Berntson et al., 1997; 
Berntson, Cacioppo, & Quigley, 1991).  Furthermore, parasympathetic influences on HR 
greatly exceed those of the sympathetic system with parasympathetic influences exerting 
a wider range of chronotropic control relative to the sympathetic influences. Statistical 
models based on pharmacological blockade and physical challenges indicate that the 
influence of parasympathetic to sympathetic contributions to changes in heart rate is of 
the magnitude of 7:1 (Berntson, Cacioppo, & Quigley, 1993).  
Therefore, it is possible that what Holmes et al. (2004) observed was a decrease in 
HR attributable to a coactivated increase in both sympathetic and parasympathetic 
systems.  Given the overwhelming influence of the parasympathetic influence on HR, a 
decrease in HR may have been expected. This interpretation provides a parsimonious 
explanation of Holmes et al.'s findings; it is also in line with the vast majority of research 
that has emphasized the necessity of sympathetic contributions to emotional memory 
facilitation and in its role in the development of PTSD.  This proposition is one of the 
major issues that the present study attempted to clarify through assessing both branches 
of the autonomic nervous system.  
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 The importance of this proposition was emphasized in a recent study (Hopper, 
Spinazzola, Simpson, & van der Kolk, 2006) where the authors argued that the 
relationship between sympathetic activity and HR may have been overemphasized in 
PTSD research.  The authors contend that HR is the result of any of the three processes 
discussed above, and that only through assessing both branches of the autonomic nervous 
system is it possible to understand the underlying mechanisms that are responsible for 
HR.  Hopper et al. suggest that the use of heart rate variability (HRV), which can be 
assessed noninvasively through traditional electrocardiogram techniques, provides a 
method to explore parasympathetic influences.  The variability in HR is associated with 
both sympathetic and parasympathetic influences can be examined by measuring indices 
of HRV. It has been proposed that higher levels of vagally mediated HRV (i.e., increased 
parasympathetic tone) are often associated with better affective and attentional regulation 
(e.g., Appelhans & Luecken, 2006; Lane et al., 2009; Thayer & Brosschot, 2005).  For 
example, individuals with increased vagally mediated HRV tend to have faster 
habituation to non-threat stimuli as opposed to those with low HRV that is associated 
with hypervigilance and defensive reactions when exposed to threat-related words 
(Thayer & Lane, 2000).  The neural origins of cardiac modulation that have been 
suggested to involve both cortical and subcortical structures have been collectively 
named the central autonomic network.  The primary output of this network is suggested 
to occur through preganglionic sympathetic and parasympathetic neurons that innervate 
the heart.  The interaction of these sympathetic and parasympathetic influences thus 
collectively contributes to the variability in HR.  
 The need to examine the relative contributions of the autonomic nervous system 
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has been highlighted recently by several authors (e.g., Bryant et al., 2008; Hopper et al., 
2006; Pole, 2007).  Ideally, this would occur through examining the independent 
contributions of parasympathetic and sympathetic influences on cardiac activity. In the 
present study, cardiac measures that are proposed to index both parasympathetic and 
sympathetic activity were measured in order to examine their relative contribution to the 
development of intrusive images.  
Hypotheses Related to the Development of Intrusive Memories  
 The present study aimed to replicate some of the findings reported by Holmes et 
al. (2004) and Holmes et al. (2009).  Similar to what was conducted in these studies, 
participants were asked to view a film with traumatic content during which psychological 
and physiological measures were taken. The main goal of this study was to replicate the 
overall finding that when participants are asked to participate in a visuospatial task 
(Tetris) following a trauma film they will show a reduction in the frequency of intrusive 
thoughts in the week following exposure to the trauma film (Hypothesis 1).   
In the Holmes et al. (2009) study, participants who engaged in the Tetris task 
reported fewer symptoms related to PTSD as compared to those in the control condition. 
This finding was based on a clinical scale that assessed PTSD symptoms, the Impact of 
Events Scale (IES; Horowitz, Wilner, & Alvarez, 1979). In the present study, we 
attempted to replicate this finding. Furthermore, it has been suggested that preexisting 
affect, such as trait anxiety, may contribute to the development of PTSD (Ozer et al., 
2003; Regambal & Alden, 2009). Therefore, we proposed that trait anxiety would 
contribute to scores on the IES. Furthermore, we suggest that one mechanism by which 
Tetris may exert its positive effect is through moderating the relationship between trait 
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anxiety and scores on the IES (Hypothesis 2). In other words, we expected that Tetris 
would interfere with the natural tendency for highly anxious people to experience PTSD-
related symptoms in response to the film.  
The present study also examined the extent to which psychological reactivity to 
the film, and recovery following the film, would be related to the frequency of reported 
intrusive memories. Trauma film studies have often been used to examine these 
contributing factors as they are not easily assessed in individuals at the time of an actual 
trauma.  For example, Regambal and Alden (2009) reported that various mood states, 
assessed both prior to and following viewing a trauma film, were related to the frequency 
of intrusive thoughts about the film’s content.  These mood states included happiness, 
depression, anxiety, anger and rumination. As previously mentioned, dissociation at the 
time of viewing the film is another factor that has been associated with the development 
of intrusive memories. Therefore, consistent with dual representation theory as well as 
cognitive models of PTSD development, we hypothesized that psychological reactivity to 
the film would predict the frequency of reported intrusive images and that engaging in the 
Tetris task would attenuate this reactivity (Hypothesis 3). 
Given that the role of physiological influences on the development of intrusive 
images has not been thoroughly explored, we further proposed that changes in cardiac 
measures of sympathetic and parasympathetic activity would predict the frequency of 
intrusive images. We also examined a proposed salivary marker of sympathetic activity 
for its potential to predict on the frequency of intrusive images. Together, we expected 
that physiological measures would be associated with the frequency of reported intrusive 
images (Hypothesis 4). In addition, given the mixed findings related to physiological 
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underpinnings of dissociative reactions, we explored the extent to which dissociation was 
related to measures of physiological arousal. We proposed that dissociative responses 
would be related to increased sympathetic and parasympathetic activity (Hypothesis 5).  
Application of the Dual Representation Theory to the Phenomena of Increased 
Arousal 
 In addition to the hypotheses listed above, the present study also examined the 
extent to which the dual representation theory could explain the development of increased 
arousal that is often observed in individuals with PTSD.  As previously discussed, 
individuals with PTSD often express an enhanced level of physiological arousal at rest.  
In addition, researchers have examined this phenomenon within a laboratory environment 
making use of various startle paradigms.  Generally, the startle reflex is measured by 
presenting loud white noise through headphones at random intervals and recording 
physiological reactivity by facial electromyography (i.e., eyeblink startle responses), skin 
conductance, and HR.  Although most individuals show a startle reaction, defined as an 
increase in physiological reactivity across all measures, individuals with PTSD generally 
show an exaggerated response.  Two meta-analyses have provided evidence for this 
proposition.  The first meta-analysis examined 11 studies and reported an increase in 
reactivity on measures of eye blink responses, HR, and skin conductance (Metzger, et al., 
1999).  Furthermore, Pole's (2007) analysis of 25 studies suggests that significantly 
elevated reactivity across all of the same variables.  Collectively, it would appear that 
studies using startle paradigms generally produce some of the most consistent results 
related to increased physiological reactivity in PTSD.  This is not necessarily surprising 
as an increase in arousal is one of the required diagnostic features of PTSD (American 
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Psychiatric Association, 2000) and experiences of exaggerated startle are among the most 
commonly reported by individuals with PTSD (Davidson et al., 1991).   
The nature of exaggerated startle responses are, as of yet, poorly understood.  
Explanations of this feature of PTSD often depend on the theoretical background of the 
researcher.  Current theories suggest it may be due to overactive unconditioned responses 
(Guthrie & Bryant, 2005), neuronal sensitization (Shalev et al., 2000), and/or excessive 
negative emotions due to hypersensitivity to contextual threat cues (Lang, Bradley, & 
Cuthbert, 1998; Pole, Neylan, Best, Orr, & Marmar, 2003).  Although direct evidence for 
any of these propositions has yet to be firmly established, it is important to mention that 
these propositions are not mutually exclusive and may collectively contribute to 
explaining the phenomena of increased startle responses.   
What has been made clear in the past decade is that the magnitude of the startle 
reaction can be modulated through exposing individuals to emotionally valenced stimuli 
prior to the onset of startle stimuli.  A motivational priming model has been proposed that 
suggests that aversive and appetitive motivational systems interact with the defensive 
startle response (Lang, 1985).  For example, when individuals are exposed to aversive 
images prior to an auditory startle stimulus, the magnitude of the eyeblink startle 
response tends to be significantly increased.  In contrast, presentation of appetitive 
images decreases the magnitude of the startle response (Bradley, Considpoti, Cuthbert, & 
Lang, 2001). This paradigm has been used across multiple clinical groups and researchers 
suggest that this effect is more pronounced among individuals who have difficulty in 
emotional regulation and dysregulated fear responses, such as those with anxiety 
disorders and depression (Allen, Trinder, & Brennan, 1999; Grillon, 2002). 
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 In addition to the startle response, affective modulation of arousal has also been 
demonstrated to occur on the cardiac defence response (CDR).  When faced with an 
intense auditory stimulus of relatively long duration (similar to those used in eyeblink 
startle studies) the cardiac response tends to show a predictable reaction pattern (Villa et 
al., 2007).  Initially there is a short acceleration in HR followed immediately by a period 
of deceleration.  This initial response tends to occur between 3 - 5 s following the 
presentation of a stimulus and has been suggested to involve primarily parasympathetic 
influences.  Specifically, an initial withdrawal of parasympathetic influences increases 
HR that is followed by renewed parasympathetic input that decreases HR.  The second 
response tends to occur between 10 - 50 s following exposure to the stimulus and also 
involves a period of acceleration in HR followed by a deceleration.  This second part of 
the response has been proposed to involve sympathetic and parasympathetic influences, 
among which sympathetic influences appear to be dominant.  Specifically, sympathetic 
influences are largely responsible for the second acceleration component and the 
deceleration is due to a decrease in sympathetic activity and an increase in 
parasympathetic activity (Reyes Del Paso, Godoy, & Vila, 1993; Vila et al., 2007).  
Similar to what has been found in eyeblink startle studies, when individuals are exposed 
to aversive images prior to the onset of the auditory stimulus the CDR is clearly 
potentiated (Ruiz-Padial, Mata, Rodriguez, Fernandez & Vila, 2005; Ruiz-Padial & Vila, 
2007). 
As previously summarized, there exists substantial evidence that an interaction 
between sympathetic activation and enhanced emotional encoding occurs within the 
amygdala (e.g., McGaugh, 2004; Roozendaal, et al., 2009).  Based on the startle and 
PREDICTORS OF INTRUSIVE IMAGES 
 
35 
cardiac defence studies discussed here, it would appear possible that this same interaction 
may be responsible for the development of affect modulated startle responses.  This 
proposition is in line with Brewin et al.’s (2010) perspective that the enhancement of S-
reps relies on amygdala activation.  Therefore, affect modulated defensive responses 
provide an opportunity to examine the application of the dual representation theory in 
explaining the development of this feature of PTSD.  It is possible that the same 
mechanisms that are involved in the development of intrusive memories play a role in the 
development of increased arousal in general and exaggerated startle responses in 
particular.   Specifically, preferential encoding of S-reps may contribute to the 
exaggerated startle response to images that have been encoded with affect-laden 
associations. 
Hypotheses Related to Increased Defensive Responses 
Based on the information reviewed, there is both a theoretical and physiological 
basis to suggest the dual representation theory may explain the acquisition of enhanced 
defensive reactions in individuals following a trauma.  Based on this premise, we 
proposed that individuals who carried out a visuospatial task following a trauma film 
would have a decreased pattern of physiological startle responses.  In order to examine 
this proposition, participants were asked to engage in an affect-modulated startle task. 
This task involved presenting participants with either neutral or aversive images taken 
from a trauma film prior to the onset of the auditory startle stimuli. If the visuospatial 
task interfered with the consolidation of emotionally laden memories related to the film, 
individuals who engaged in this task were expected to show a blunted physiological 
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reaction to the CDR trial (Hypothesis 6) as well as to the eyeblink startle task 
(Hypothesis 7), relative to their counterparts in a resting control condition. 
Method 
Study Design 
The procedures used in the study are depicted in Figure 1. In the preliminary 
phase, participants were asked to go to a website that provided them with a description of 
the study and presentation of consent forms. Participants were also asked to provide basic 
demographic information and complete a preliminary measure.  The experimental 
component of the study consisted of two distinct phases. In the first phase, participants 
attended a laboratory session. During this session, participants completed baseline 
measures and then viewed a film with traumatic content. After viewing the film, 
participants were then randomly assigned to either sit quietly or play Tetris for 10 min. 
Following this task, participants were asked to stay seated for an additional 5 min. 
Throughout the experiment, participants were asked to complete self-report measures, 
provide saliva samples, and were monitored using electrocardiography. 
At the end of the first session, participants were provided with a diary to monitor 
the frequency of intrusive images they experienced over a period of seven days. 
Participants returned the diary on the seventh day and completed a measure to assess the 
psychological impact of the film. The dependent variable of interest in this phase of the 
study consisted of the number of reported intrusive images experienced by participants. 
In Phase 2 of the study, participants completed two tasks designed to elicit defensive 
responses. This included a single CDR trial followed by a series of eyeblink startle trials. 
For CDR trials, change in heart rate from baseline in response to the startle stimuli was 
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Figure 1. Experimental procedures carried out through both phases of the study. STAI-T = State Trait Anxiety Inventory – Trait ; sAA 
= salivary α-amylase; VAS= visual analog scale ; SDQ = State Dissociation Questionnaire;  IES = Impact of Events Scale; IAPS = 
International Affective Picture System; CDR = cardiac defense response.  
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used as the dependent variable of interest. For eyeblink startle trials, the magnitude of the 
startle response was main dependent variable that was examined. 
Participants 
Participants were recruited from the Introductory Psychology courses at Lakehead 
University and had the opportunity to earn bonus marks towards their final grade. As part 
of the consent procedure participants were fully informed about the nature of the study 
and the content of the film (see Appendices A and B for the introductory letters and the 
consent form).  Figure 2 provides details in regards to participant enrolment, random 
assignment, and retention. The mean age of participants was 21.11 years (SD = 5.63) and 
consisted of 81 females (62.8%) and 48 males (37.2%).  Experimental conditions did not 
differ in terms of their age t(118) = 1.14, p = .256 or the distribution of males and females 
in each experimental condition,Χ2(1) = .194, p = .660.  
Self-Report Measures 
Measures of affect.  In order to assess trait anxiety the trait version of the State-
Trait Anxiety Inventory – Trait version (STAI-T; Spielberger, 1983) was used.  The 
STAI-T contains 20 items (see Appendix C) which describe how anxious people feel; 
items are rated on a 4-point scale ranging from 1 (almost never) to 4 (almost always).  
The reliability and validity of the STAI has been reported across numerous studies that 
have demonstrated adequate psychometric properties (e.g., Barnes, Harp, Jung, 2002; 
Bieling, Antony, & Swinson, 1998; Spielberger, 1983). In the present study, Cronbach’s 
alpha was .944 for the entire sample. In order to examine state changes in affect a series 
of visual analog scales (VAS) were used to assess state feelings of depression, happiness, 
anger, and anxiety (Regambal & Alden, 2009; see Appendix D). 
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Ehlers, 2002;  Murray, Ehlers, & Richard, 2002).  The items are included in Appendix E. 
In the present study, Cronbach alpha’s were calculated to be .896 at baseline, .845 
postfilm, and .854 at the final measurement period.  
Intrusion Diary.  Participants recorded the number of intrusions experienced 
using a tabular diary identical to the one used in a previous study by permission of the 
authors (Holmes et al., 2009; see Appendix F).  Following completion of the first 
laboratory session, participants were given verbal and written instructions on how to 
complete the diary. Participants were provided with a definition of intrusive thoughts 
indicating that they were “spontaneously occurring recollections or sensory experiences 
that were not deliberately recalled”. Participants were asked to carry the diary with them 
and complete it on a daily basis. In the diary, participants were to indicate the number of 
intrusive thoughts, images, and co-occurring thoughts and images they experienced on a 
daily basis. Participants were also asked to write out a brief description of each intrusion.  
When participants returned the diary, the experimenter reviewed each entry and ensured 
that the content of their reports was spontaneous and described a scene taken from the 
film. Following the methodology employed in previous research (Holmes et al., 2009), 
the frequency of reported image intrusions were used as the main dependent variable of 
interest from this diary.  
Impact of Events Scale. Participants were asked to complete the Impact of 
Events Scale -Revised (IES-R; Weiss & Mamar, 1997) based on their experience of 
watching the trauma film. The IES-R is a measure of symptoms associated with 
experiencing stressful life events and is based on symptoms related to PTSD (see 
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Appendix G).  Items on this scale are answered based on a 5-point scale ranging from 0 
(not at all) to 4 (extremely). Psychometric properties of this instrument have been 
established across several studies indicating acceptable levels of reliability and validity 
(e.g., Morina, et al., 2010; Weiss, 2007). In the present study, Cronbach’s alpha was 
calculated to be .891 across the entire sample.  
Self-monitored intrusions. Participants in both conditions were asked to monitor 
the frequency of intrusive thoughts and images they experienced while playing Tetris or 
resting quietly. Participants were provided with a description of what intrusive thoughts 
consisted of prior to engaging in this task. In order to monitor these intrusions, 
participants were given a hand tally clicker and were instructed to press the button every 
time they had a thought or image enter their mind that was from the movie. The use of a 
hand tally clicker has been used in previous studies (Davies & Clark, 1998) although this 
varies from the method used by Holmes et al. (2009) who asked participants to draw out 
a tally of the number of intrusions using a pen and paper.  
Self-Assessment Manikin.  The Self-Assessment Manikin (SAM; Bradley & 
Lang, 1994; Appendix H) is an instrument that can be used to assess the emotional 
valence a person experiences in response to a situation or stimuli.  The instrument makes 
use of a series of facial expressions in which individuals are asked to indicate which 
image most closely resembles their current feelings based on a 9-point scale. Participants 
rated their feelings using the SAM while viewing each of the images. Ratings of these 
images were based on affective valence (unhappy to happy) and arousal (excited to calm) 
that each image elicited. The SAM can be used as a reliable and valid measure of 
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affective balance and arousal, as demonstrated across several studies (e.g., Bradley & 
Lang, 1994; Lang, Bradley, & Cuthbert, 1997). 
Biometric Data 
Salivary α-amylase (sAA). In order to avoid confounding the assays, participants 
were asked to abstain from food, caffeine, and tobacco for a period of 1 hr prior to the 
laboratory session. Saliva samples were collected using the "passive drool" technique 
(Navazesh, 1993) at three different time intervals. Participants were provided with three 
1.8mL vials, three small straws, both of which were placed in a small cup.  Participants 
were provided with instructions prior to collecting the first sample and were asked to 
provide additional samples at the appropriate phase of the study.  In order to collect 
sufficient sample participants were asked to provide 1mL of saliva in each vial. Upon 
completion of the saliva collection, vials were placed in a Sorvall Legend RT+ centrifuge 
(Fisher Scientific Company, Toronto, ON) at 1500 x g (@3000 rpm) for 15 min after 
which the vials were stored in a freezer that maintained a constant temperature of -20°C.  
sAA analysis was conducted on the samples using a standard assay kit (Salimetrics, State 
College, PA, Catalog No.1-1909). The standard assay procedure provided by the 
manufacturers of the kit was followed (Salimetrics, 2012). A SpectraMax Plus 384 plate 
reader (Fisher Scientific, Sunny Vale, CA) was used to assess optical densities of the 
assay using a 405 nm filter.  
 Electrocardiogram & electromyogram data collection. Identical procedures 
were used to monitor cardiac activity throughout the first phase of the study and during 
the CDR trials in the second phase of the study.  A set of snap-on Ag-AgCl electrodes 
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were placed below the right clavicle and below the left rib cage (i.e., a lead II) to collect 
electrocardiogram (ECG) data. Ground electrodes were placed on the participants’ right 
leg for ECG data. These electrodes were connected to a 72-channel amplifier (Advanced 
Neuro Technology, Enschede, Netherlands) via shielded wires. All data was sampled at 
1024 Hz using ASA-Lab software (Version 16) running on a PC. Prior to applying the 
electrodes, the area to which they were applied was cleaned with an alcohol solution to 
remove any dirt or debris. Signals for facial electromyography (EMG) were collected on 
the same apparatus through the placement of two Ag-AgCl electrodes over the orbicularis 
oculi muscle of the left eye. For EMG trials, the ground electrode was placed on the 
center of the participants’ foreheads.  
Two cardiac metrics were of particular interest in the first phase of the study. The 
first of these was respiratory sinus arrhythmia (RSA), a well-established measure of heart 
rate variability that has been described as one of the best markers for parasympathetic 
influences on cardiac activity (Allen, Chambers, & Towers, 2007; Lewis, Furman, 
McCool, & Porges, 2012). The second measure of interest was the Cardiac Sympathetic 
Index (CSI), a metric proposed to assess sympathetic influences on heart rate. The 
validity of this measure has been demonstrated through pharmacological blockage 
(Toichi, Sugiura, Murai, & Sengoku, 1997). These two markers provide unique 
information related to autonomic influences on HR and HRV, a finding that has been 
confirmed through recent factor analysis study (Allen et al., 2007).  
Experimental Tasks 
Trauma film.  The enacted trauma film used in this study consisted of a video 
that depicts the dangers of sending text messages while driving a motor vehicle (Watkins-
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Hughes, 2009).  This film has been broadcast as a public services announcement and was 
made in collaboration with law enforcement officials in order to deter individuals from 
using cellular phones while driving.  The film consists of a three females who get into a 
car accident resulting in bodily harm to themselves and others.  The duration of the film 
is 4 min 53 s.  The film ends with the individuals being taken away by emergency 
medical services.  The film was displayed on a 72-inch Samsung DLP television.   
Rest task. In order to provide a no-task control condition, participants assigned to 
this condition were provided with the following instructions: “We are now going to ask 
you to sit quietly for 10 minutes. If at any time you think of the movie you just watched, 
click the counter. Remember, thoughts of the movie can either take the form of words 
and phrases (i.e. verbal thoughts), or it they can be mental pictures (images) in your 
mind’s eye. Thoughts can include any of the five senses, so you can include sounds too.”. 
Participants were asked to monitor only intrusive thoughts and images and were 
reminded of the difference between these and purposefully recollected thoughts.   
 Tetris task.  The popular video game Tetris (Tetris Zone, Version 1.2.1, Tetris 
Holding, LLC) was used as the main experimental condition in the study. As previously 
discussed, Tetris is a game that relies on visuospatial skills and was previously used in  
Holmes et al.’s (2009) study. Participants were given a numeric keypad and asked to play 
the game with their dominant hand for a period of 10 min. The same instructions were 
provided to participants in regards to monitoring thoughts and images related to the film. 
Tetris was displayed on a 72-inch Samsung DLP television. All participants in this 
condition received instructions and a brief demonstration on how to play the game prior 
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to participating in the task.   
Defensive response tasks.  Stimuli used to elicit the cardiac defense response and 
the eyeblink startle were presented on a 72-inch Samsung DLP television.  Stimuli were 
presented through Eevoke software (version 1.05) that was synchronized with the ASA-
Lab software.  This combination of software allows for the onset of stimuli to be 
automatically indicated on the recordings of physiological responses.  In order to elicit 
the CDR, participants were seated in front of the television screen and fitted with sound-
isolating headphones (Sony, MDR-XD-300).  Following the procedures described by 
Vila et al. (2007), a 15-s baseline recording occurred prior to the onset of an image that 
was displayed for 6 s.  Participants were randomly assigned to first view either a neutral 
image from the International Affective Picture System (IAPS; Lang, 1997) or an aversive 
image taken from the trauma film. Following this, participants then viewed the other 
image. However, given the rapid habituation of the CDR response, only the first trial was 
analyzed. The neutral-IAPS was image #7042. The aversive-film image consisted of the 
one of the actor’s faces covered in blood. Following 3.5 s after the onset of the picture, 
the eliciting auditory stimulus consisting of 105 dB of “white” noise lasting 500ms with 
near-instantaneous rise time was administered through the earphones. The white noise 
consisted of an auditory test file with a frequency distribution of 1 as reported by the 
developer (Nechabur, 2002). The auditory stimuli were calibrated using an Audioscan 
RM500 real ear analyzer to verify the output of the headphones. Although the auditory 
stimulus is intended to elicit a startle response, the volume and exposure time that 
participants endure are well within safe limits (Canadian Centre for Health and Safety, 
2009). Cardiac responses were continuously measured for a period of 80 s following the 
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presentation of the picture for the each of the CDR trials.   
A similar procedure was used to elicit the emotion-modulated eyeblink response 
immediately following the CDR task.  This procedure followed that described by Lang 
(1995).  This part of the experiment consisted of three blocks of stimulus presentations. 
Each block consisted on one neutral-IAPS image, one aversive-film image, and one 
neutral-film image. Presentation of these stimuli was randomized within each block.  All 
image presentations were displayed for a period of 6 s. The onset of the acoustic stimuli 
occurred randomly between 2-5 s following the onset of the picture presentation. Neutral-
IAPS images consisted of images  #7002, #7013, and #7034. Aversive-film images 
consisted of a windshield covered in blood, a fireman attending to a victim, and two 
victims sitting in a car following the crash. Neutral-film images consisted of pictures of a 
baby, a map, and the back of a man’s head. Acoustic stimuli consisted of 105 dB "white" 
noise with a duration of 50 ms and virtually instantaneous rise time. The interval between 
trials varied randomly between 19 and 26 s. 
Experimental Procedures 
Preliminary Phase. During recruitment process, the experimenter visited 
classrooms and provided potential participants with a description of the study. 
Participants were informed that the purpose of the study was to examine intrusive 
thoughts and that these may be experienced by participants following the viewing of the 
film.  All participants were informed that the study had been reviewed and had received 
ethical approval from the Lakehead University Research Ethics Board. 
Initially, potential participants were asked to visit a website for more details.  
Upon arriving at the secure website (www.surveymonkey.com) participants were asked 
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to read a written description of the experiment (see Appendix A) and to electronically 
sign a consent form (see Appendix B).  Participants were then asked to provide 
demographic information (see Appendix I) and to complete the STAI-T. In order to 
schedule a laboratory session participants were directed to a secure website book a time 
slot (http://www.sona-systems.com/). 
Phase 1. Upon arrival at the laboratory for the first session, participants were 
once again provided with a detailed description of the study. ECG recording devices were 
then applied. From this point on, the experimenter was in an adjacent room and all 
instructions were provided via a slideshow presentation. The experimenter was available 
to participants via a walkie-talkie in cases where they had questions or concerns.  
Participants were asked to seat themselves comfortably and a 2-min rest period occurred 
prior to collecting baseline data that consisted of a 5-min recording of cardiac activity.  
Participants were then asked to complete the SDQ, the VAS for affective states, and 
provide the first saliva sample.  
 The next step in the study was to ask participants to view the trauma film that 
lasted for 4 min 53 s.  Following the end of the film, participants provided another saliva 
sample and again completed the SDQ and VAS. Following this, participants were 
randomly assigned to either the rest condition or Tetris condition. In both conditions, 
participants were asked to monitor the frequency of thoughts they had related to the 
movie. In addition, cardiac recordings occurred throughout the task. Following the 10-
min period, participants provided a final saliva sample and again completed the SDQ and 
VAS. An additional recording block of cardiac activity occurred for a final period of 5 
min.  Prior to leaving the laboratory, all participants were provided with a copy of the 
PREDICTORS OF INTRUSIVE IMAGES 
 
48 
intrusion diary and given explicit instructions on how to keep track of intrusive thoughts 
and images.  
Phase 2. Upon returning to the laboratory, the experimenter reviewed the 
completed diary with the participant. In order to assess the impact of the trauma film, 
participants were asked to complete the IES. Following completion of this measure, 
physiological recording devices were attached in order to collect both cardiac and EMG 
data.  Participants were fitted with headphones (Sony model MDR-XD-300) and given 
instructions to stay seated and to keep their eyes on the screen throughout the tasks.  
All participants underwent the cardiac defense trial task first. The CDR consisted 
of two trials whereby that participant was presented with either the aversive or neutral 
image paired with the auditory tone. Following this trial, participants were then presented 
with the nine eyeblink startle response trials. Finally, participants were debriefed on their 
experience and provided with a debriefing letter (see Appendix J).  
Data Preparation and Reduction  
Self-report measures. All questionnaire data were entered directly into SPSS 
(version 20) and screened for missing responses. On the SDQ three individual items were 
missing from the total sample from the posttask assessment and three individual items 
were missing responses from the postfilm assessment, representing less than 0.01% 
percent of the total data on these scales. In these cases, missing items were replaced with 
the participant’s average of all other items on the scale. For the visual analog scales, no 
more than three items were missing at any given time point, on any of the individual 
scales, for the entire sample of 129 individuals, representing less than 0.05% of the total 
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responses on these scales. Given that all missing data points on the VAS scales occurred 
following the baseline measure, the last available data point was carried forward to 
replace the missing observations. Prior to entering the data related to intrusive images, all 
diary entries were reviewed to ensure participants accurately recorded the frequency of 
intrusive images they experienced. Two main criteria were required for an intrusive 
image to be counted. First, participants were required to report intrusive images that were 
actually part of the film as opposed to a related thought or image that was not in the film. 
Second, the intrusive image was required to not have been deliberately recalled.  In total, 
119 participants returned their diaries completed; of these, two participants appeared to 
not have understood the instructions (e.g., reported purposefully recollected memories of 
the film as opposed to intrusive thoughts/images). The data from these two participants 
was not included in the analyses. No missing data was found for the IES. 
Biometric data from phase 1. For sAA, four participants provided insufficient or 
obviously contaminated saliva. As a result, data from these participants were excluded 
from analyses that required this variable. Two additional participants failed to provide 
any sample for analysis.  
Given that the film was displayed for only 4 min 53 s, recording blocks taken in 
Phase 1 of the study were shortened to be of equivalent length. Baseline recording blocks 
and the final recording blocks were shortened to 4 min 53 s in which the middle segment 
was chosen (i.e., 3.5 s were removed from the beginning and end of each block). In 
addition, the 10-min recordings taken while participants engaged in the rest or the Tetris 
task was divided into two segments of 4 min 53 s each; these blocks of data started 
immediately once the task began and lasted for 4 min 53 s after which the next block 
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started immediately.  In total, five recording blocks were then available for further 
analysis; baseline, film, task Block 1, task Block 2, and posttask. Each recording block 
was saved as an individual file for each participant. 
Following the methodology described by Allen et al. (2011), cardiac data was 
imported into QRSTool (version 1.2.2, available from psychofizz.org) and manually 
reviewed and screened for recording errors and ectopic beats. Inter-beat intervals (IBIs) 
were created through automatic r-r wave interval detection routines within QRSTool. 
This routine requires that the experimenter identify a series of valid r-peaks over a 30 s 
period for each recording period. Based on these peaks, the software determines an 
appropriate threshold for each individual series and automatically detects additional r-
peaks. Recording errors were defined as recording blocks with IBIs that could not be 
clearly differentiated from the rest of the signal. A total of nine individual recording 
blocks failed to record appropriately, representing less than .01% of total recording 
blocks; missing data for these participants were replaced with the last valid data point 
from the previous block (for eight replacements) or carried backwards from the 
subsequent block (for one replacement). However, for three participants more than two 
recording blocks were missing. The data for these individuals was not included in the 
analyses.  
Possible ectopic beats were observed in 16% of the total blocks. Amongst these 
blocks, ectopic beats generally accounted for less than 5% of the total IBIs and were 
corrected using the standard procedures recommended by the authors of the software 
(Allen et al., 2007). Amongst the entire sample, the data for one participant was not 
included due to a large number of ectopic beats observed in the data (consisting of over 
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15% of total beats across each block). Once the integrity of the data was verified, the IBIs 
for each block were imported into CMetX (version 2.63) and the standardized conversion 
process and filters were applied, as recommended by Allen et al. (2007). CMetX 
converted the IBI series to a time series sampled at 10 Hz. The data was then filtered 
using a 241-point optimal finite impulse response filter with half-amplitude frequencies 
of 0.12 and 0.40 Hz, and the natural log of the variance of the filtered waveform was used 
as the estimate of RSA. The CSI metric was calculated using the method described by 
Toichi et al. (1997). This method plots each IBI plotted against the subsequent IBI for 
each participant and divides the length of the transverse axis of these data points by the 
length of the longitudinal axis to calculate the CSI.  CMetX automatically analyzed and 
produced the relevant cardiac measures for each recording period including RSA, CSI, 
and overall HR. 
Biometric data from phase 2. The data for one participant in this phase of the 
study was deemed invalid due to technical recording errors for both the CDR and 
eyeblink trials. For the CDR measure, the data from an additional three participants were 
excluded due to significant artifacts in the data, rendering the IBI series not suitable for 
analysis. IBI series that were required for CDR trial analysis were extracted from the 
recordings using ASA-Lab’s automatic r-r peak detection algorithm. IBI series and event 
marker data was then imported into KARDIA (version 2.8). Following standard 
procedures for CDR analysis (Vila et al., 1992), weighted averaged second-by-second 
HR was measured for 80 s following the onset of the auditory stimuli and expressed in 
terms of a difference in HR from a 15 s baseline period that occurred prior to the onset of 
the auditory stimuli. Each of the 80-s values was then reduced to 10 medians of 10 
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progressively longer intervals in order to facilitate statistical analysis. The median values 
therefore cover two periods of 3 s, two of 5 s, three of 7 s, and three of 13 s. These 10 
intervals were then used as the main dependent variables for the CDR analysis.  
Eyeblink startle data was amplified and integrated using ASA-Lab software with 
custom designed extraction algorithms. The guidelines set forth by Blumenthal et al. 
(2005) were used to apply appropriate rectification and filtering procedures. The signal 
for each response was first rectified and filtered using a frequency band of 28-400 Hz 
with a 75-msec time constant. The time constant was selected as it provides a balance 
between accuracy in detection rates and suppression of random error in peak amplitudes 
due to multiple peaks in a recording. The magnitude of the blink response was defined as 
the difference in microvolts between peak response occurring between 20-120 ms 
following the onset of the auditory startle stimuli and the average of a 15-ms prestimulus 
period. Each response was analyzed individually and approximately 5% of individual 
eyeblink responses were excluded from analysis due to unstable recording periods, lack 
of response, and/or delayed onset of the responses. Following the methodology described 
by Blumenthal et al. (2005), individual EMG responses were transformed to relative z 
scores within the range of individual participant responses to all nine startle tasks. One 
participant who had more than two missing values in one of the image categories was not 
included in the analysis due to the limited range of z scores that could be calculated based 
on the responses. Z scores for each trial within each image category (i.e., Neutral-IAPS, 
Aversive-Film, Neutral-Film) were then averaged for each participant. The average score 
for each image category was then used as the main dependent variable for the eyeblink 
startle responses.  
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Analytical Approach 
The data were examined for missing values and prepared as discussed above. 
Replacement of missing values was conducted in order to allow for an equal number of 
data points to be used across analyses, particularly to allow equivalent regression models 
to be created using all participants. This process allowed model fit statistics to be 
compared across analyses. Tabachnick & Fidel (2007) suggest that replacement of 
missing values is appropriate if they represent less than 5% of the data; in the present 
study less than 1% of the data was found to be missing. However, in order to ensure the 
replacement of missing values did not have an effect on the reported results, all analyses 
were conducted with, and without, these replacement values. A comparison of these 
analyses did not suggest any appreciable differences in probability values, parameter 
estimates, or measures of variance/covariance.  
Once missing values had been addressed, outliers within the data were identified 
for each measure prior to analysis. Univariate outliers were defined as transformed scores 
equivalent to z > + 3.29 (Tabachnick & Fidel, 2007). In cases where univariate outliers 
were identified and where significant skewness in its distribution was observed, statistical 
transformation were applied to correct for their impact on the normality of distributions. 
If outliers continued, they were replaced with the next highest value with a z-score < 3.29 
plus a specified constant (as was appropriate for the data). Multivariate outliers were 
assessed through examination of Mahalanobis distances for data used in regression 
models, defined as values that exceeded a Χ2 in which  p < .001 (Tabachnick & Fidel, 
2007). Univariate and multivariate outliers are described for each analysis below. For 
analyses that required univariate normality, zskewness  = skewness – 0/SEskewness which 
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exceeded 1.96 (consistent with p < .05) identified variables that were then transformed 
using the methods described by Tabachnick and Fidel (2007) until skewness was reduced 
to an acceptable level.  
In order to examine change across different sampling periods in Phase 1 of the 
study, a series of mixed model ANOVAs was used where assumptions related to 
normality were met. For these analyses, multivariate Wilks’ Λ criterion and associated F 
statistics are reported. Box’s M test was used to test for homogeneity of covariance 
matrices wherein values with p < .001 were considered to be unacceptable (Tabachnick & 
Fidel, 2007). Given that it was expected that differences would occur across measurement 
periods, repeated planned contrasts were carried out which compared each response to 
the previous response. When interactions between experimental conditions (Tetris or rest) 
and phase were expected, follow-up ANCOVAs were used to identify differences 
between conditions at each measurement period while controlling for baseline values on 
the dependent variable of interest. McNemar tests and Chi-Square analyses were used to 
examine changes in dissociative responses (based on the SDQ) given that assumptions 
related to normality were severely violated (see pages 62-63). 
 Once the effects of the manipulations were examined, specific analyses were 
conducted in order to address each of the study’s main hypotheses. Hypotheses related to 
the development of intrusive memories were examined through the use of negative 
binomial regression models. Negative binomial models are a form of regression modeling 
that is suited to the prediction of frequency data particularly when distributions are over 
dispersed and/or highly skewed (Hilbe, 2011). Similar to other approaches to statistical 
regression, negative binomial models produce model fit statistics describing the extent to 
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which the data match the expected model. In the present case the Bayesian information 
criteria (BICs) are reported as the primary model fit statistic, whereby lower values 
signify better model fits. Statistical tests of the entire model were reported using the 
omnibus test and reporting the likelihood ratio χ2 statistic. Specific tests for main effects 
and interactions of predictors were examined using the model effect likelihood ratio χ2, 
test. In addition, Incident Rate Ratios (IRRs) were produced that described the relative 
increase in the frequency of intrusive thoughts between conditions, based on the set of 
predictors. In the present study, this method was used to assess the increased risk of 
experiencing intrusive images for individuals in the rest condition as compared to the 
Tetris condition. Furthermore, psychological and physiological responses were examined 
for their ability to predict the frequency of intrusive images. In order to create 
comparable models across analyses, the same number of participants was used for each 
set of analyses. Specifically, in models 1 - 3 the same 117 participants were used. For 
models 4 - 7 data from the same 113 participants was used. Predictor variables were 
block entered into each equation based on theoretical predictions, as were the relevant 
interactions.  
For the measure that examined the psychological impact of the film (IES), 
independent-sample t tests were used to compare experimental conditions. Furthermore, 
Moderation analysis was used to examine the impact of the experimental condition 
(Tetris vs. rest) on the relationship between trait anxiety (STAI-T) and self-reported 
reactions (IES) to the film. Data related to defensive reactions (CDR and EMG 
responses) were analyzed through the use of mixed model ANOVAs. Posthoc tests on 
data from the defensive response tasks were analyzed through one-way ANOVAs or 
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independent-sample t tests. An additional moderation analysis was used to examine the 
impact of the experimental condition (Tetris vs. rest) on the relationship between scores 
on the IES and the magnitude of the eyeblink response to aversive-film images.  
Results 
Reactivity Check 
Visual analog scales. Four VASs (see Appendix D) were used to assess 
psychological reactions to the film; depression, anger, anxiety and happiness. Preliminary 
analysis of these indicated high positive intercorrelations at all time periods, ranging from 
.461 - .728 for three of the scales (depression, anger, and anxiety). Consequently, a single 
composite variable of negative affect was created by adding scores on these three scales. 
A square root transformation was then applied to address the high level of positive 
skewness (see Table 1). Following the transformation no outliers were detected at any 
time point.  
A 2-between (condition [Tetris, rest]) × 3-within (time [baseline, postfilm, 
posttask]) mixed model ANOVA was used to examine changes in this composite measure 
over time. Box’s M Test for the assumption of homogeneity of covariance matrices was 
not significant, p = .835. A significant main effect of time was found, F(2, 126) = 70.29, 
p < .001, partial η2 =  .53  as was the interaction of Condition × Time , F(2, 126) = 5.47, p 
= .005, partial η2 =  .08 (see Figure 3). Repeated planned contrasts for the entire sample 
indicated a significant difference between baseline and postfilm, F(1,127) = 125.07, p < 
.001, and between postfilm and posttask F(1,127) = 9.28, p = .003. 
The first ANCOVA examined differences on the measure of negative affect at 
postfilm while controlling for baseline values. Levene’s test indicated that the data did  
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Table 1 
Descriptive Statistics for the Measure of Negative Affect  
 
 
   
Range 
 
 
Time 
	  
M 
	  
SD 
	  
Potential 
	  
Actual 
	  
zSkewness 
 
Untransformed 
 
Baseline 
 
39.26 40.53 300 218 9.27 
Postfilm 
 
80.81 59.83 300 266 4.46 
Posttask 
 
51.96 52.12 300 204 6.07 
 
Square Root Transformed 
 
Baseline  
 
5.42 3.14 17.32 14.76 1.86 
Postfilm  
 
8.29 3.49 17.32 16.31 0.01 
Posttask 6.19 6.19 17.32 14.28 1.28 
 
not violate the assumption of homogeneity of variance F(1,127) = 0.44, p = .509. Results 
did not indicate a significant difference between conditions F(1, 126) = 0.81, p = .374,  
partial η2  =  .01. The second ANCOVA examined differences between conditions at 
posttask while controlling for baseline values. Results again revealed that assumption of 
homogeneity of variance was not violated F(1, 127) = 0.07, p = .793. This analysis did 
indicate a significant difference between conditions, F(1, 126) = 8.52, p = .004, partial η2 
= .06. This analysis indicated that individuals in the Tetris condition reported lower 
scores (M = 5.69, SD = 3.89) on negative affect as compared to individuals in the rest 
condition (M = 6.46, SD = 3.54), while controlling for baseline negative affect.  
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Table 2 
Descriptive Statistics for the Measure of Positive Affect  
    
Range 
 	  
Time 
 
M 
 
SD 
 
Potential 
 
Actual 
 
zSkewness 	  
Baseline 	    49.99  18.35  100  94  -1.49 
Postfilm 	   29.40 20.81 100 79 1.84 
Posttask 42.51 23.42 100 94 -0.07 
 
entire sample indicated a significant change in score from baseline to postfilm, F(1,127) 
= 175.33, p < .001, and from postfilm to posttask F(1,127) = 19.44, p < .001. 
Two follow-up ANCOVAs were used to analyze differences between conditions 
occurred at postfilm and posttask while controlling for positive affect at baseline. The 
assumptions regarding homogeneity of regression were met. Levene’s test for violation of 
the assumption of homogeneity of variances were nonsignificant for the first and second 
ANCOVA, F(1,127) = 2.22, p = .139, and F(1,127) = 0.01, p = .920, respectively. The 
first ANCOVA did not indicate a significant difference between conditions on positive 
affect at postfilm, F(1,126) = 0.30, p = .583, partial η2 < .01. However, the second 
analysis did produce a significant difference between conditions at posttask, F(1,126) = 
9.22, p = .003, partial η2= .07. These results indicated that individuals in the Tetris 
condition had a higher level of positive affect (M = 44.42, SD = 24.91) as compared to 
individuals in the rest condition (M = 40.76, SD = 21.86), while controlling for baseline 
positive affect.  
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Table 3 
Descriptive Statistics for the State Dissociation Questionnaire 
     Range  
 
Time 
 
M 
 
SD 
 
α 
No. of 
items 
 
Potential 
 
Actual 
 
zSkewness 
 
Baseline 
 
 
2.98 
 
4.49 
 
.854 
 
9 
 
36 
 
25 
 
9.67 
Postfilm 3.80 
 
4.77 
 
.845 
 
9 
 
36 
 
20 
 
6.72 
 
Posttask 2.98 4.49 .854 9 36 25 9.81 
  
In order to explore the potential differences between conditions, the Pearson’s 
Chi-Square Test was calculated at each of the three time points. Results did not indicate a 
difference between conditions (ps  > .05) on the number individuals experiencing any 
dissociative symptoms at baseline (53.3% vs. 59.7%, for Tetris vs. rest), postfilm (66.1% 
vs. 68.7%, for Tetris vs. rest), or posttask (66.1% vs. 56.7%, for Tetris vs. rest).  Thus, 
viewing the trauma film increased dissociative experiences. Following the task 
dissociative experiences were reduced, although no differences between conditions were 
observed. 
Cardiac responses. Cardiac indices were examined to ensure univariate 
normality. HR data was found to be significantly skewed at one time point, zSkewness  = 
3.34; a log transformation was applied that corrected this, zSkewness = 0.81. In addition, 
CSI was found to have a high level of skewness, zSkewness between  2.07 to 5.72, which 
was improved using a square root transformation , zSkewness between 0.65 to 3.52. 
Significant skewness was not found on the measure of RSA.  No outliers were observed 
on any of the cardiac indices following required transformation. 
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= .223). The significant main effect for time, F(4,118) = 5.38, p = .001, partial η2 = .15, 
was qualified by its significant interaction with condition, F(4, 118) = 8.26, p < .001, 
partial η2 = .22 (see Figure 8). Repeated planned contrasts for the entire sample indicated 
a significant difference between CSI scores taken during task Block 2 and posttask (p 
< .01). 
Follow-up ANCOVAs revealed significant differences between conditions during 
the first block of the task, F(1,120) = 25.17, p <.001, partial η2 = .17.  These results 
indicated that individuals in the Tetris task had lower CSI (M = 1.64, SD = .29) as 
compared to individuals in the rest condition (M = 1.79, SD = .26), while covarying for 
baseline CSI. This finding also true for the second block of the task F(1,120) = 22.92, p 
< .001, partial η2 = 16. Again, individuals in the Tetris group had lower CSI (M = 1.64, 
SD = .29) as compared to individuals in the rest condition (M = 1.79, SD = .30). No 
differences between conditions were noted at either of the remaining two time points (ps 
> 05). As with RSA, Tetris effectively suppressed CSI.  
Salivary α-amylase. Prior to analysis, the raw optical densities (OD) of the sAA 
values scores were examined to assess the intra-assay coefficient of variation. The 
manufacturer’s intra-assay coefficient of variation (CV% = [SD/M]%) for 10 replicates of 
high (474.6 U/mL) and low (17.7 U/mL) concentration of sAA ranged between 2.5% and 
7.2%, respectively (Salimetrics, 2012). In the present study, the intra-assay CV% was 
calculated based on eight replicates randomly drawn from our sample. The obtained 
average CV% was 5.8%. These results were comparable to the manufactures results, 
indicating that the derived results would appear to be reliable. 
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of variance-covariance matrices (p = .001). Results from the analyses did not reveal a 
significant time main effect, F(2, 122) = 1.38, p = .25, partial η2 = .02, or an interaction 
between time and condition F(2,122) = 0.99, p = .34, partial η2 = .02.  
To summarize the results thus far, physiological responses to the task were noted 
whereby RSA and CSI were lower while participants engaged in the Tetris task as 
compared to those resting. However, sAA and HR were unresponsive to the experimental 
manipulation. Regarding psychological responses, Tetris produced less negative affect 
and more positive affect than the rest condition. 
Main Hypotheses 
Hypothesis 1 – Reproducing the findings of Holmes et al. (2009). In an effort 
to replicate the findings of Holmes et al. (2009), it was predicted that individuals in the 
Tetris condition would report fewer intrusive images in the week following film exposure 
compared to the those in the rest condition. To address this question, a negative binomial 
regression model was tested wherein task (Tetris [coded 1] vs. rest [0]) was entered as a 
binary predictor of the frequency of intrusive images.  
As can be seen in Table 7 (see page 75 Model 1), the overall model was 
significant and the Incident Rate Ratio (IRR) was calculated to be 1.54, 95% CI (1.01, 
2.34) for individuals in the rest condition as compared to the Tetris condition. These 
results indicate that the incident rate of intrusive images within the rest condition was 
1.54 times the incident rate of the Tetris condition. Incident rates for the frequency of 
intrusions were estimated to be 3.95, 95% CI (2.99, 5.22) for the rest condition and 2.56, 
95% CI (1.88, 3.5) for the Tetris condition. Therefore, Tetris effectively suppressed 
intrusions over followup. 
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Hypothesis 2 – Differences between conditions on the Impact of Events Scale. 
In effort to replicate Holmes et al.’s (2009) finding, differences between conditions were 
investigated on the IES (see Appendix G). Preliminary screening indicated that the IES 
was significantly positively skewed. A log transformation was applied that corrected the 
skewness (see Table 4). No outliers were observed following this transformation. An 
independent samples t test on the IES transformed values did not indicate a significant 
difference between conditions, t(103)= .83, p = .410.   
 
Table 4 
Descriptive Statistics for the Impact of Events Scale 
     Range  
 
Scale	    M  SD  α No. of items  Potential  Actual  zSkewness 	  
Raw score 	    34.87  10.03  .891  22  110  70  3.74 	  
Log transformed 
 
1.85 
 
1.53 
 
.891 
 
22 
 
2.04 
 
1.85 
 
1.63 
 
A second analytic goal for the IES data was to determine if engaging in Tetris 
would moderate the relationship between trait anxiety and PTSD symptoms (IES). A 
moderation model was tested using PROCESS macro (Hayes, 2012) with STAI-T (see 
Appendix C) as the predictor X variable, IES as the Y criterion variable, and 
experimental condition (Tetris [coded 1] vs. rest [0]) serving as the binary moderator M 
variable. Prior to conducting the analysis, the STAI-T was examined for outliers and 
normality. Significant skewness was found, and scores were transformed using a 
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logarithmic transformation (see Table 5).  No outliers were identified following the 
transformation. 
 
Table 5 
Descriptive Statistics for the State-Trait Anxiety Scale - Trait Version 
     Range  
Scale  
M 
 
SD 
 
α 
No. of 
items 
 
Potential 
 
Actual 
 
zSkewness 
 
Raw Scores 
 
42.05 
 
11.8 
 
.944 
 
20 
 
80 
 
74 
 
2.25 
 
Log Transformed  
 
1.61 
 
.12 
 
.944 
 
20 
 
1.87 
 
1.90 
 
-.68 
  
Results from this analysis indicated that the overall model was significant, F(3, 
101) = 2.95, p = .04, R2 = .08, as was the interaction  STAI-T × Condition, F(1, 101) = 
5.33, p = .02, R2 change = .05, which is depicted in Figure 9. Additional data from the 
model is contained in Table 6.  Analysis of the simple slopes revealed the prediction of 
IES from STAI-T was significant for the rest condition, β = .009 (SE = .003), t = 2.80, p 
= .006, but not for the Tetris condition,  β = -.002 (SE = .003), t = -0.50, p = .616.  The 
respective scatterplots for these two associations are displayed in Figure 10 based on z 
scores of the data. These findings indicate that anxious individuals are more affected by 
the trauma film, a natural process that Tetris appears to have interfered with. 
Hypothesis 3 - Psychological predictors of intrusive images. In addition to 
examining the effect of Tetris, it was also hypothesized that psychological reactivity to 
the film would contribute to the development of intrusive memories. Thus, a second 
negative binomial regression model was tested which included the additional predictor  
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Figure 10. Scatterplots of the data used in the moderation analysis of the effect of Tetris 
on the relationship between STAI-T and IES.  (a) rest condition and (b) Tetris condition. 
IES = Impact of Events Scale, STAI-T =  State Trait Anxiety Scale - Trait version. r = 
Pearson product moment correlations for each condition. Data represent transformed z 
scores.  
 
the predictors were examined for each case and no multivariate outliers were detected. 
Furthermore, examination of the residuals from the analysis did not indicate any obvious 
violations of normality, linearity, or homoscedacity.  
As depicted in Table 6 (see pages 73-74, Model 2), the overall model was 
significant. However, the only significant predictor was found to be dissociative 
reactivity. The Incident Rate Ratio (IRR) for SDQ reactivity was calculated to be 1.12, 
95% CI (1.03, 1.23). These findings indicate that in this model there was a 12% change in 
the incident rate of intrusive images for every unit increase in SDQ dissociative 
reactivity. All other predictors were nonsignificant, as were the interactions between 
experimental condition and the predictor variables.  
A third model was used to examine if changes in psychological variables that 
occurred in response to the task influenced the frequency of intrusive images. This model 
examined negative affect recovery (changes in negative affect from postfilm to posttask), 
a.   r = .427 b.   r = -.064 
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positive affect recovery (changes in positive affect from postfilm to posttask), and 
dissociative recovery (changes on the SDQ from postfilm to posttask). To create these 
variables, posttask scores were subtracted from postfilm scores. Also included in this 
model was the frequency of self-monitored intrusions reported while carrying out the 
task. Within these predictors, three univariate outliers were found on the measure of 
negative affect recovery, one outlier was found positive affect recovery, one outlier on 
dissociative recovery, and one outlier on for self-monitored intrusions.  Outliers were 
replaced with the next highest value with a z < 3.29  plus a constant that was appropriate 
for the data. Mahalanobis distances based on the predictors in this model were examined 
for each case which revealed one multivariate outlier. Examination of the data for this 
participant indicated elevated scores on several of the predictor variables. In order to 
avoid the potential bias of this outlier, and to maintain a full sample for comparisons of 
models, each predictor value for this participant was replaced with the mean value of the 
entire sample.  Examination of the residuals from the analysis did not indicate any 
obvious violations of normality, linearity, or homoscedacity.  
Model 3 was significant (see Table 6). Significant predictors of intrusive images 
were positive affect recovery (IRR = 0.98), dissociative recovery (IRR = 0.93), and self-
monitored intrusions (IRR = 1.12). Interactions between condition and negative affect 
recovery (IRR = 1.21) and positive affect recovery (IRR = 1.04) was also noted (see 
Table 6, Model 3). Therefore these interactions suggest that for individuals in the rest 
condition an increase in affect (positive or negative) predicted an increase in the 
frequency of intrusive images, whereas an increase in positive or negative affect led to  
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Table 7 
Negative Binomial Regression Model Fit Estimates and Predictors of Intrusive Images 
for Psychological Measures 
 
Predictors 
 
β 
 
BIC 
LLR 
χ 2 (df) 
ME 
χ 2 
IRR, 
exp(b) 
 
95% CI 
Model 1 
Overall  553.44 5.28(1)*    
Condition 0.43   5.44* 1.54 [1.65, 3.18] 
Model 2 
Overall  571.44 14.84(7)*    
Condition 0.55   3.37 1.73 [0.96, 3.11] 
Negative Affect  
     Reactivity 
0   0.18 1 [.99, 1.01] 
Positive Affect                
     Reactivity 
0   0.141 0.99 [0.97, 1.01] 
Dissociative 
     Reactivity 
0.12   8.04** 1.12 [1.03, 1.23] 
 
Condition ×  
     Negative 
     Affect 
     Reactivity 
0   0.18 0.80 [0.99, 1.01] 
Condition ×  
      Positive 
     Affect  
     Reactivity 
0   0.10 1.04 [0.98, 1.02] 
Condition ×  
     Dissociative 
     Reactivity 
-0.07   1.56 0.93 [0.83, 1.04] 
(continued) 
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Predictors 
 
β 
 
BIC 
LLR 
χ 2 (df) 
ME 
χ 2 
IRR,  
exp(b) 
 
95% CI 
Model 3 
Overall  545.84 49.97(9)***    
Condition 0.53   2.66 1.70 [0.71, 1.95] 
Negative Affect 
     Recovery 
-0.13   2.37 0.87 [0.78, 0.97] 
Positive Affect 
     Recovery 
-0.02   4.98* .97 [0.96, 0.99] 
Dissociative 
     Recovery 
-0.07   4.10* .93 [0.87, 1.00] 
Self-Monitored 
     Intrusions 
0.05   30.73*** 1.05 [1.01, 1.10] 
Condition ×  
     Negative  
     Affect 
     Recovery  
0.19   6.70** 1.21 [1.05, 1.4] 
Condition × 
    Positive 
    Affect  
0.04   12.07** 1.04 [1.02, 1,06] 
Condition × 
     Dissociative 
     Recovery  
0.04   0.716 1.04 [-0.95, 1.15] 
Condition × 
     Self- 
     Monitored 
     Intrusions 
-0.02   2.36 0.98 [0.95, 1.01] 
 
Note. BIC = Bayesian Information Criterion; LLR = Omnibus Likelihood Ratio χ2 test 
value; ME χ2 = Model Effect Likelihood Ratio χ2, test value; IRR, exp(b) = Exponentiated 
values indicating predicted Incident Rate Ratios; 95% CI = 95% confidence intervals for 
the Incident Rate Ratios. All IRRs that examine ‘Condition’ describe the relative 
increase/decrease of incident rates for individuals in the rest condition as compared to the 
Tetris condition. Lower BICs represent better model fits to the data. * p < .05. ** p < .01. 
*** p < .001. 
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fewer intrusive images amongst the Tetris condition. In this model, the effect of condition 
on its own was not significant.   
Hypothesis 4 – Physiological predictors of intrusive images. It was predicted 
that physiological reactivity may also contribute to the development of intrusive images. 
Furthermore, it is possible that the different tasks could influence physiological reactions 
and moderate the frequency of reported intrusive images. 
Model 4 examined if cardiac reactivity in response to the film influenced the 
frequency of intrusions. For this model, change scores from the film-viewing phase were 
subtracted from baseline to create reactivity variables for CSI and RSA. Two univariate 
outliers were identified for the variable that assessed RSA reactivity; these outliers were 
replaced with the next highest value in the data set that with a score equivalent to z < 
3.29, plus .10. No outliers were found on the measure of CSI reactivity. Mahalanobis 
distances based on the predictors in this model were examined for each case; this process 
did not indicate the presence of multivariate outliers. Examination of the residuals from 
the analysis did not indicate any obvious violations of normality, linearity, or 
homoscedacity. Overall, Model 4 was significant (see Table 7). A significant main effect 
was found for condition (IRR = 1.68), thereby replicating a previously reported result in 
Model 1. A main effect for CSI reactivity (IRR = 3.53) was also obtained whereby 
increases in CSI predicted more frequent intrusive images, regardless of condition.  
Model 5 intended to examine the influence of changes in cardiac measures that 
occurred following the film while at rest or while playing Tetris. Recovery variables were 
created by subtracting values measured while viewing the film from the values measured 
during task Block 2. The data from Block 1 were not included to avoid factors associated 
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with acclimatization to the task. Identical procedures were used to examine outliers, 
violations of normality, linearity, and homoscedacity. No obvious concerns were noted 
across any of these areas. Overall, Model 5 was significant, as well as significant main 
effects for condition (IRR = 1.72) and CSI recovery (IRR = 0.41). This model confirmed 
the effect of condition wherein individuals in the rest condition tended to report more 
frequent intrusive images. Furthermore, increases in CSI predicted significantly fewer 
intrusive images at this stage. 
The relationship of sAA reactivity (changes from baseline to postfilm) and the 
frequency of intrusive images was examined in Model 6. Model 7 examined the 
relationship between of sAA recovery (changes from postfilm to posttask) and the 
frequency of intrusive images. Identical procedures were used to examine outliers, 
violations of normality, linearity, or homoscedacity with no abnormalities noted. Model 6 
was not significant, Model Effect Likelihood Ratio χ2 (3) = 6.40, p = .09. Similarly, 
results of the analysis from model 7 were also not significant, Model Effect Likelihood 
Ratio χ2 (3) = 5.15, p = .16. Taken together, these findings indicate that neither sAA 
reactivity nor recovery significantly predicted the development of intrusive images. 
Given that sAA was proposed to be measure of sympathetic arousal, we examined 
the correlation between cardiac autonomic activity and sAA. We found that sAA was 
correlated with CSI at baseline r(117) = .26, p = .005. In addition CSI was correlated 
with sAA during film viewing r(117) = .24, p = .009. These two measures were not 
correlated immediately following the task r(117) = .08, p = .373. It is important to note 
that changes in sAA and CSI were not significantly correlated in response to the film or 
task, ps > .05. Furthermore, no significant correlations were found between RSA and  
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Table 8 
Negative Binomial Regression Model Fit Estimates and Predictors of Intrusive Images 
from Cardiac Measures  
 
Predictors 
 
β 
 
BIC 
LLR 
X2 (df) 
ME 
X2 
IRR, 
exp(b) 
 
95% CI 
Model 4 
Overall 
 
 547.81 10.89(5)*    
Condition 0.52   7.26* 1.68 [1.77, 3.14] 
RSA Reactivity -0.17   0.37 0.84 [1.15, 2.46] 
CSI Reactivity 1.26   3.81* 3.53 [1.17, 10.71] 
Condition ×  
     RSA 
     Reactivity 
0.15   0.22 1.16 [0.63, 2.15] 
Condition ×  
      CSI  
      Reactivity 
-1.13   2.46 0.33 [0.08, 1.32] 
Model 5 
Overall  545.65 13.05(5)*    
Condition 0.54   5.91* 1.72 [1.11, 2.67] 
RSA Recovery -0.13   1.71 .88 [0.56, 1.39] 
CSI Recovery -0.90   7.19** .41 [0.16, 1.05] 
Condition × RSA  
     Recovery 
-0.21   0.36 .81 [0.40. 1.62] 
Condition × CSI 
     Recovery 
 
0.01   0 1.00 [0.27, 3.75] 
Note. BIC = Bayesian Information Criterion; LLR = Omnibus Likelihood Ratio χ2 test 
value; ME χ2 = Model Effect Likelihood Ratio χ2, test value; IRR, exp(b) = Exponentiated 
values indicating predicted Incident Rate Ratios; 95% CI = 95% confidence intervals for 
the Incident Rate Ratios. All IRRs that examine ‘Condition’ describe the relative 
increase/decrease of incident rates for individuals in the rest condition as compared to the 
Tetris condition. Lower BICs represent better model fits to the data. * p < .05. ** p < .01.  
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sAA at any time point, ps > .05. 
Hypothesis 5 - Relationship between arousal and dissociation. The fifth 
hypothesis predicted that dissociative reactions would be accompanied by increases in 
physiological arousal. In order to examine this relationship, participants were divided into 
one of two groups depending on whether or not they reported dissociative symptoms 
while viewing the film. Independent-sample t tests were used to examine differences 
been these two groups on the measures of RSA reactivity, CSI reactivity, and sAA 
reactivity. Results of this analysis were not significant for the cardiac measures of RSA, 
t(121)= 1.01, p = .315, CSI, t(121) = 1.05, p = .298, or HR, t(121) = 0.13, p = .90. The 
two groups also did not differ on the measure of sAA reactivity t(123) = 0.271, p = .78.  
Correlations among individuals who reported a dissociative response were further 
examined. Specifically, correlations between change in dissociation in response to the 
film and measures of physiological activity during the film (CSI, RSA, & sAA during the 
film) were examined. A significant correlation was found between CSI during the film 
and self-reported dissociation scores on the SDQ r(52) = .33, p = .017. The correlation 
between the SDQ and RSA was not significant r(52) = -.18, p = .20. Furthermore, SDQ 
scores were not related to mean HR, r(52) = .21, p = .14. Finally, the correlation between 
sAA and SDQ scores was also not significant r(55)=.01, p = .97. Taken together, these 
results indicate that changes in physiological activity to the film were not related to 
dissociative reactions. However, individuals with overall higher sympathetic tone while 
viewing the film experienced more intense dissociative responses.  
Hypothesis 6 - Impact of Tetris on the cardiac defense response. It was 
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predicted that individuals in the Tetris condition would have decreased CDR as compared 
to those in the rest condition. A 2 × 2 × 10 (image type [neutral-IAPS, aversive-film]  × 
condition [Tetris, rest] × time period [10 sample periods]) mixed model ANOVA was 
conducted. Inspection of the data indicated that no outliers were present, nor were any 
variables found to be significantly skewed. Box’s Test did not indicate any violation of 
assumptions of homogeneity of the covariance matrices (p = .151). Results from this 
analysis indicated a significant main effect for time, F(9, 86) = 11.97, p < .001, partial η2 
= .56. The interaction between time and task was not significant, F(9,86) = 1.30, p = .25, 
partial η2 = .01. Similarly, the interaction between time and image type was not 
significant, F(9,86) = 0.82, partial η2 = .08. However, the three-way interaction of Time × 
Condition × Image Type was significant, F (9,86) = 2.29, p = .023, partial η2 = .19. This 
interaction is shown in Figure 10, but its meaning is unclear.  
 To assist in pinpointing the source of the interaction, the analytic conventions 
suggested by Vila et al. (2007) were followed: four separate 2-within (image type 
[Neutral IAPS, Aversive Film]) × 2-between subjects (task[Tetris, Rest]) ANOVAs for 
the time periods at 3 s, 6 s, 30 s, and 37 s were conducted. As previously mentioned, 
median values are calculated for 10 time intervals of progressively longer lengths that are 
centered at 3, 6, 11, 16, 23, 30, 37, 50, 63, and 80 s post stimulus. Across these time 
points, parasympathetic influences on the heart rate responses are thought to be dominant 
during the 3 s and 6 s periods. In addition, a combined parasympathetic/sympathetic 
interaction is thought to contribute to changes in heart rate at 20 s and 37 s.  Thus, if 
Tetris modulates autonomic reactivity, differences between experimental conditions 
should emerge at one or more of these four time points. However, none of these 
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individual analyses reached statistical significance (main effect p values ranging from 
.167 - .868). Consequently, the source of the three-way interaction could not be 
identified.  
 
 
Figure 11. Average median change in heart rate at each time interval following the onset 
of the auditory tone in cardiac defense response trials. 
Hypothesis 7 - Impact of Tetris on eyeblink startle responses. This hypothesis 
proposed that individuals who engaged in the Tetris task would have a different EMG 
response pattern as compared to those in the rest condition.   
Recall that participants rated the images for affect and arousal using the SAM (see 
Appendix H) just prior to their presentation in the eyeblink trials. Although these data 
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were significantly skewed on some of the SAM ratings, the direction and severity of the 
skewness were equivalent for both conditions on each variable, therefore these indices 
were deemed to be appropriate for parametric between-group analysis (Tabachnick & 
Fidel, 2007). No outliers were noted on these variables. Eighteen independent-sample t 
tests were used to explore if ratings of affective valence or arousal differed between the 
two experimental conditions on each of the nine images. No significant differences were 
found (ps > .05). Next, each participant’s average response (i.e., the mean response to all 
three images) for each type of images (i.e., neutral-IAPS, aversive-film, neutral-film) was 
calculated. Independent-sample t tests conducted on this data indicated that the two 
conditions did not rate the images differently (see Table 9).  
In terms of the eyeblink startle data, responses to each of the three image types 
were examined and no outliers or problems with shape of the respective distributions 
were noted. A 2-between (condition [Tetris, rest]) × 3-within (image type [neutral-IAPS, 
aversive-film, neutral-film) mixed model ANOVA was used to analyze the z-score 
transformed EMG responses. Box’s Test did not indicate any violation of assumptions 
related to the homogeneity of covariance matrices (p = .151). Results from the ANOVA 
indicated a significant main effect for image type, F(2, 101) = 5.21,  p = .007, partial η2 = 
.094. A nonsignificant trend was noted for the interaction between condition and image 
type F(2,101) = 2.80, p = .06, partial η2 = .05 (see Figure 12). Two planned contrasts 
were conducted as follows; (a) between the neutral-IAPS and the film-aversive images 
which was significant, F(1, 102) = 4.65, p = .033, partial η2 = .04 and (b) between the 
neutral-IAPS stimulus and neutral-film stimulus that was not significant(1,102) = .47,  
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Table 9 
Descriptive Statistics and Results of Independent Sample t Tests on Ratings of Affect and 
Arousal of Images Presented in the Eyeblink Startle Task.  	    
Tetris 
 
Rest 
	   	  
 
Image Type 
 
M 
 
SD 
 
M 
 
SD 
 
t (df) 
 
p 
 
Affective Ratings 	  
Neutral-IAPS 
  
5.26 1.71 5.30 1.47 0.103 (100) .918 
Aversive-film 
 
7.56 1.30 7.19 1.32 -1.32 (100) .190 
Neutral-film 5.72 1.50 5.87 1.36 .429 (100) .668 
  	   	   	   	   	  
Arousal Ratings 	  
Neutral-IAPS  
 
6.71 1.45 6.71 1.45 .265 (100) .792 
Aversive-film 
 
8.67 3.79 6.78 1.33 -1.42 (100) .295 
Neutral-Film 
 
5.58 1.73 5.20 1.65 1.05 (100) .296 
 
p =.50 partial η2 = .005. These findings indicate that responses to the neutral-IAPS trials 
and the film-aversive trials were significantly different. 
Follow-up independent-samples t tests were used to compare whether the two 
experimental conditions differed in their responses to the different image types.  Results 
revealed a significant difference between conditions only on the trials in which an 
aversive image was presented t(102) = 2.13, p = .036. Results from the significant 
contrast indicated that individuals in the Tetris condition showed a heightened startle 
response (M = 0.21, SD = 0.42) as compared to individuals in the rest condition (M = 
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0.04, SD = 0.43). Experimental conditions did not differ on neutral images from the 
IAPS, t(102) = 0.385, p = .70. Similarly, differences between conditions on the neutral 
images from the film were not significant t(102)= 1.82, p = .07.  
 
 
Figure 12. Average z-score transformed responses in the eyeblink startle task for each 
image type. Error bars represent +/- 1  standard error. * p < .05.
 
That Tetris caused increased startle is contrary to expectations. Consequently, exploratory 
analyses were conducted to examine if the experimental condition moderated the 
relationship between the measure of the impact of the film (IES) and EMG responses to 
the aversive-film image. A moderation model was tested using PROCESS macro (Hayes, 
2012) with the IES as the predictor X variable, EMG responses to aversive-film images 
as the Y criterion variable, and experimental condition (i.e., Tetris [coded1]vs. rest [0]) 
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serving as the binary moderator M variable. Results from this analysis indicated that the 
overall model was significant, F(3, 96) = 4.40, p = .006, R2 = .12, as was the interaction 
between IES and condition, F(1, 96) = 5.79, p = .018, R2 change = .05, which is depicted 
in Figure 13. Additional data in Table 6 describes the model.  Analysis of the simple 
slopes revealed the prediction of EMG responses from IES scores was significant for the 
rest condition, β = -0.63 (SE = 0.23), t = -2.78, p = .007, but not for the Tetris condition, 
β = 1.04 (SE = 0.20), t = .51, p = .613.  The respective scatterplots for these two 
associations are displayed in Figure 14 based on z scores of the data. These results 
indicate that individuals who report high levels of anxiety are affected more by the 
trauma film, a natural process that Tetris appears to have interfered with. 
Taken together, results from the eyeblink startle trials indicate that individuals in 
the Tetris condition showed heightened response to the aversive-film image trials. One 
factor that contributed to this difference was the moderation effect of condition on the 
relationship between IES and the magnitude of the startle response. Specifically, 
individuals in the rest condition showed lower startle responses if their scores on the IES 
scores were high. In contrast, IES scores had little impact on the startle response amongst 
individuals in the Tetris condition. This would suggest that the more impacted individuals 
were by the film, the lower their startle responses were, a process that was negated by 
engaging in the Tetris task. 
Discussion 
The trauma film paradigm has a rich history in the field of psychology and has 
been used to study factors that contribute to the development of symptoms associated 
with PTSD and other pathological conditions (Holmes & Bourne, 2008).  In recent years,  
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Table 10 
Moderated (Experimental Condition) Multiple Regression Results for the Prediction of 
EMG Responses from IES.  
 
 
 
 
 
 
 
Figure 13. Impact of Events Scale predicting EMG responses to aversive-film Images. 
 
 
Figure 14 . Scatterplots of the data used in the moderation analysis of the effect of Tetris 
on the relationship between IES and EMG responses to aversive images. Scatterplots of 
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

-0.26 

.15 

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Condition 

0.21 .08 2.45 .02 
IES × Condition 0.73 .30 2.41 .02 
a.   r = - .38 b.   r = - .07 
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the data for (a) rest condition and (b) Tetris condition. IES = Impact of Events Scale. 
Startle responses = Magnitude of EMG response to aversive-film images. r = Pearson 
product moment correlations for each condition. Data represents transformed z scores.  
 
this paradigm has served as a model to help investigate the extent to which the 
development of intrusive memories, similar to those that occur in PTSD, can be 
modulated through engaging in various cognitive tasks. For example, it has been 
suggested that engaging in visuospatial tasks, such as the video games Tetris or 
visuospatial finger tapping, can reduce the frequency of intrusive images individuals 
experience from watching a trauma film.  
Studies that have examined the ability to modulate the development of intrusive 
memories through visuospatial tasks are often grounded in the dual representation theory 
(Brewin et al., 2010). This theory suggests that an imbalance in memory processing 
contributes to the development of intrusive memories. The dual representation theory 
proposes the existence of the S-memory system that acts to code primary sensory-based 
information into S-reps. These representations are proposed to be activated through 
associative cues or through activation of related representations. In contrast, the C-
memory system is believed to code primarily contextualized information. Representations 
from this system, C-reps, are proposed to be activated through purposeful recollection as 
well as associative cues. The theory proposes that, in PTSD, stress responses influence 
neuronal functioning the result of which is stronger S-reps, weaker C-reps, and disrupted 
connections between the S-reps and C-reps (Brewin et al., 2010). The result of these 
processes is that intrusive flashback-like memories are triggered through activation of S-
reps that are not appropriately offset by corresponding C-reps related to the event.  
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Holmes et al. (2009, 2010) demonstrated that playing Tetris, a videogame that 
relies heavily on visuospatial skills, can interfere with the development of intrusive 
memories. In the present study, one of our main goals was to replicate this finding. 
Furthermore, we were interested in characterizing the role of psychological and 
physiological factors that may contribute to the development of intrusive images. An 
additional goal was to attempt to consolidate findings related to the physiological 
processes that occur when individuals experience a dissociative reaction. Finally, we had 
hoped to examine the extent to which engaging in a visuospatial task would interfere with 
other processes known to occur in PTSD, such as increased physiological reactivity.   
Validity of Experimental Paradigm 
In order to help establish the validity of the trauma film paradigm we first 
examined changes in response to the film and engaging in the Tetris or rest task. Our 
results indicated that in response to the film participants experienced increases in 
negative affect and decrease in positive affect. Furthermore, individuals more commonly 
reported symptoms related to dissociation while viewing the film as compared to 
baseline. In terms of physiological reactivity to the film, we found that RSA decreased 
while participants viewed the film. This would suggest that parasympathetic influences 
on HR were reduced when individuals viewed the film. No statistically significant 
changes in heart rate or sympathetic activity were noted. 
While engaging in the post-film tasks, both psychological and physiological 
responses did occur. In terms of psychological variables, individuals who played Tetris 
showed higher levels of positive affect and lower levels of negative affect, as compared 
to individuals in the rest condition. In terms of physiological variables, individuals across 
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both conditions showed an increase in heart rate while engaging in Tetris or the rest task.  
In terms of sympathetic activity, individuals in the Tetris condition showed a decrease in 
activity while engaging in the task. In contrast, individuals in the rest condition showed 
an increase in sympathetic arousal, based on CSI measures, throughout the rest task. We 
also found differences in RSA in response to the post-film tasks. Specifically, individuals 
in the Tetris condition were found to have lower RSA while engaging in the task as 
compared to those in the rest condition.  
Collectively, these findings suggest that individuals did generally experience 
expected psychological reactivity in response to the film and the task. Physiological 
reactivity to the film was only apparent on the measure of RSA. A decrease in RSA in 
response to the film is in line with several recent studies that suggest that this frequently 
occurs when individuals view films that instil anger, anxiety, and sadness (Kreiberg, 
2010; Overbeek, van Boxtel, & Westerink; 2012). However, a lack of response in overall 
heart rate differs from some previous findings (e.g., Holmes et al., 2004; Overbeek et al., 
2012). However, it is important to note that our results, while not statistically significant, 
did suggest a decrease in heart rate, and an increase in sympathetic activity, in response 
to the film. These responses followed what would be expected from a typical 
physiological response to an aversive situation. The lack of statistical significance may 
represent variability in individual responses. For example, although some individuals 
showed a decrease in HR and parasympathetic activity, some individuals showed an 
increase on these same variables in response to the film. The opposite was also true for 
the measure of sympathetic activity. Although the characterization of individual response 
patterns was not the goal of the present study, it does represent an area that is in much 
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need of further evaluation. However, the finding that CSI and RSA were both decreased 
in the Tetris condition represent novel findings, as this was likely the first study that 
attempted to characterize cardiac autonomic influences in response to this task.  
Replication of Holmes et al. (2009) 
Given that the paradigm did appear to have the expected impact on participants, 
we attempted to replicate the findings of Holmes et al. (2009). Therefore, we expected 
that individuals who engaged in the Tetris task would experience fewer intrusions. This 
hypothesis was confirmed and our results indicated that individuals in the rest condition 
experienced over 1.5 times as many intrusions as compared to individuals who played 
Tetris. These findings help strengthen the evidence for the “Tetris effect” and also 
provide support for the proposition that visuospatial tasks have the potential to modulate 
intrusive trauma-related images. This represents one of the first attempts to replicate the 
Tetris effect by an independent research group.  
However, our results did not replicate all of the findings reported by Holmes et al. 
(2009). Specifically, Holmes et al. found that participants reported fewer self-monitored 
intrusions while playing Tetris task as compared to individuals who sat quietly in their 
rest condition. In the present study, both groups were equivalent on the number of 
reported self-monitored intrusions. Although this finding does differ from what has been 
previously reported, it does add support to the proposition that the mechanisms by which 
the visuospatial tasks influence the development of intrusive images is not simply due to 
its ability to distract individuals from immediate thoughts related to film. This is a 
proposition supported by Brewin (2008) and Holmes et al., (2004, 2009, 2010) who 
suggest that visuospatial tasks have this effect due to their ability to occupy visuospatial 
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resources in memory. An additional difference between our findings and those of Holmes 
et al. (2009) was that they found that participants in the Tetris condition scored lower on 
the IES, a measure that assessed PTSD-like reactions at follow-up. In our study, we did 
not observe any group differences on this measure.  
It is important to point out some differences in our methodology that may account 
for the discrepant findings. One major difference between our study and the Holmes et al. 
(2009) studies was the content of the trauma film. Our film depicted a single graphic car-
crash scene whereas Holmes et al. (2009) made use of numerous graphic scenes over 
twice the period of time. An additional difference was the timing of the Tetris/rest tasks. 
Holmes et al. (2009) allowed for a period of 30 min between the film and the start of the 
task. Furthermore, Holmes et al. (2010) allowed for either 30 min or 4 hr periods between 
the film and task. In contrast, we shortened the time window to 5 min between film and 
task in order to explore if this change would impact the results. The change in timing of 
the intervention may limit direct comparisons between our study and earlier experiments. 
However, the fact that our intervention was effective provides evidence that the Tetris 
effect is apparent even when the intervention occurs shortly after the presentation of a 
trauma film. This finding is inline with the hypothesis put forward by Holmes et al., 
(2009, 2010) that the intervention should be effective provided it occur at some point 
within six hours of viewing the film.     
Moderating Effect of Condition on the IES 
 Although the two conditions did not differ on the IES, we had hypothesized that 
pre-existing trait anxiety would contribute to IES scores. In addition, we had also 
expected that engaging in the Tetris task would moderate this relationship. Support for 
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this hypothesis was found. Specifically, Tetris would appear to interfere with the 
relationship between trait anxiety and the impact of the film on individuals, as assessed 
by the IES. However, it is not clear why no overall differences between conditions were 
found on the IES.  It may be the case that other psychological and physiological 
vulnerabilities, or the interaction between these vulnerabilities and the task, produced the 
equivalent between group scores on the IES. For example, Regambal and Alden (2009) 
provided evidence that in addition to pre-existing affect (such as anxiety), reactions to 
intrusive films can be influenced by peritraumatic processing, maladaptive coping 
strategies (i.e. rumination, thought suppression, and safety behaviours), and emotional 
reactivity.  
In the present study, we did examine how scores on the IES were related to some 
aspects of psychological reactivity to the film. Specifically, we found that scores on the 
IES were positively correlated with negative affect reactivity and dissociative reactivity 
to the film. Therefore, it may be the case that while Tetris does impact the relationship 
between trait anxiety and scores on the IES; the influence of these other psychological 
may contribute to equivalent group scores. Additional support for the role of these other 
factors was found in our next set of analyses; these suggested that various other factors 
altered the impact of the film on participants.  
Psychological Contributions to Intrusive Images 
As previously mentioned, psychological reactions to traumatic films have been 
linked to the development of intrusive images in analogue studies of PTSD (e.g., 
Regambal & Alden, 2009). Furthermore, recent findings suggest that affective reactions 
to trauma predict the development of PTSD (Klein, Ehlers, & Glucksman, 2012) and that 
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these reactions continue to be present once PTSD has developed (Holmes, Grey, & 
Young, 2005; Grey & Holmes, 2008). In fact, peritraumatic psychological reactions are a 
key factor described in some etiological models of PTSD (e.g., Ehlers & Clarke, 2000; 
Elzinga & Bremner, 2002; Foa, Steketee, & Rothbaum, 1989).  
In the present study, we examined how psychological reactions influenced the 
development of intrusive images. In particular, we examined the psychological reactivity 
to the film in terms of negative affect, positive affect, dissociation, and in-task intrusions. 
Results from our analyses indicated that, while viewing the film, an increase in self-
reported dissociation was the only psychological variable that significantly predicted the 
frequency of intrusive images. Therefore, although individuals experienced an increase in 
negative affect and decrease in positive affect, the magnitude of these changes did not 
predict the frequency of intrusive images experienced by individuals in either group.  
However, after engaging in the post-film task (i.e., Tetris or rest) increases in 
positive and negative affect did predict fewer intrusions for both groups. When this 
finding was examined in more detail, an interaction between conditions and affective 
responses suggested an interesting finding: for individuals in the rest condition an 
increase in either positive or negative affect during the task (as compared to postfilm 
response) predicted more frequent intrusions; the opposite was observed within the Tetris 
condition where increases in affect were associated with fewer intrusions.  
Although this interaction may appear puzzling, it is an effect that can be 
understood through theoretical predictions. Specifically, both negative and positive 
affective states tend to enhance memory (Hamann, 2001; van Stegeren, 2008; Wolf, 
2008). Therefore, for people in the Tetris condition the increase in affect would be 
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expected to enhance their memories for Tetris. Drawing from dual representation theory, 
this enhancement would be expected to compete for limited resources and decrease the 
memory consolidation of the film-related images within the S-memory system. In 
contrast, individuals in the rest condition would not have any obvious visuospatial 
activity to occupy their S-memory system, thereby enhancing the visual material taken 
from the film. In Holmes et al.’s (2009) study no group differences were found on 
measures of negative affect between conditions. However, the authors examined affect 
immediately following the task and did not report changes from postfilm to post task, as 
was done in the present study. Therefore, to the best of our knowledge, the present study 
is the first to suggest that increased negative and/or positive affect that occurs while 
playing Tetris may decrease the frequency of intrusive images.  
An additional novel finding in this study was the relationship between 
dissociative reactions and the development of intrusive images. While increases in 
dissociation during the viewing of the film were associated with more frequent intrusions, 
increases in dissociative responses measured post task were actually associated with 
fewer intrusions. One possible explanation for this effect is that it may represent an 
adaptive form of the dissociative response (e.g. Bryant, 2007; DePrince, & Freyd, 2007; 
Nijenhuis, Van der Hart, & Steele, 2002). If this finding can be replicated, it may provide 
an important avenue for future studies that could examine the potential adaptive benefits 
of dissociative responses for some individuals.  
In terms of psychological responses to the film, one additional finding of interest 
was noted. Specifically, we found that one of the most consistent predictors of the 
frequency of intrusive images was the number of self-monitored intrusions reported while 
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engaging in the task. Our findings suggest that regardless of what task was being carried 
out the more frequently people reported self-monitored intrusions, the more frequently 
they would have them over the following week. This finding was expected and may 
suggest that the immediate impact of the film, or rumination regarding the content of the 
film, contributes to on going intrusive images over the following week. This finding is in 
line with Regambal and Alden’s (2009) findings that also suggested a role for rumination 
in the development of intrusive images within a trauma film paradigm. Furthermore, 
these findings support theories that emphasize the role of cognitive reactions to the 
development of PTSD. 
Physiological Contributions to Intrusive Images.  
In addition to psychological contributions, we were also interested in 
characterizing physiological contributions from the autonomic nervous system to the 
development of intrusive images. We did not identify a relationship between 
parasympathetic activity and the development of intrusive images. However, our results 
indicated that sympathetic reactivity (CSI) to the film predicted the frequency of reported 
intrusive images. This finding was significant despite the fact that, as a group, most 
individuals did not show a significant elevation in sympathetic arousal. Therefore, these 
findings indicate that individuals with a high level of sympathetic reactivity were those 
who reported the most frequent intrusive images.  
This finding is in agreement with a both animal and human research related to 
stress induced memory enhancement (e.g., Roozendaal, McEwen, & Chattarji, 2009; van 
Stegeren, 2008; Wolf, 2008). Specifically, noradrenergic activity within the amygdala 
that is triggered by sympathetic arousal has been implicated in the enhancement of affect-
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related memory (e.g., Roozendaal et al., 2009; van Stegeren, 2008). Furthermore, 
sympathetic arousal at the time of trauma has been suggested to contribute to the 
development of PTSD (Brewin, Andrews, & Valentine, 2000; Bryant, 2006; Buckley & 
Kaplouek, 2001; Elzinga & Bremner, 2002; Metzger, Orr, Berry, Anhern, Lasko, & 
Pitman, 1999; Ozer Best, Lipsey, & Weiss, 2003, Pole, 2007). However, sympathetic 
contributions to the development of intrusive images have not been frequently examined 
within experimental analogue studies of PTSD. It may be the case that these 
physiological processes can explain the association between sympathetic reactivity and 
the frequency of intrusive images observed in our study. This would support Brewin et 
al.’s (2010) assertion that associations between S-reps and C-reps are related to amygdala 
function that can be impacted by stressful experiences and physiological reactivity.   
An unexpected finding related to sympathetic activity was also found in our 
analysis. Specifically, higher levels of sympathetic arousal were associated with fewer 
intrusions while engaging in the post-film task. This effect did not appear specific to 
either condition, based on the model we used in the present study. This finding would be 
anticipated amongst individuals in the Tetris group, whereby an increase in sympathetic 
activity would be expected to increase memory consolidation for visual images 
associated with Tetris as opposed to the trauma film. However, it would not be expected 
to have the same effect in the rest condition, which was the case in the present study. 
Although, it is possible that sustained sympathetic arousal could have enhanced other 
visual memories amongst the rest condition for information not related to the trauma film 
(e.g., memories related to the lab environment). Given the fact that this finding was not 
necessarily congruent with theoretical predictions it would merit further investigation.   
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In addition to cardiac measures of autonomic activity, we also examined sAA as a 
putative marker of sympathetic activity. However, we failed to note any significant 
changes in sAA across the different stages of the study. Furthermore, sAA activity did 
not predict the development of intrusive images. Given that previous studies had 
proposed that sAA is a marker of sympathetic activity (Rohleder et al., 2004; van 
Stegeren et al., 2006), we examined correlations between sAA and the measures of CSI 
and RSA. These results suggested that although CSI and sAA were correlated at baseline 
and while viewing the film, reactivity in sAA and CSI were not correlated. This may 
suggest that while both measures do assess aspects of sympathetic arousal, CSI may be a 
more sensitive measure of reactivity. Alternatively, it has been recently proposed that 
sAA reactivity is influenced by a variety of physiological factors other than sympathetic 
influences (Bosch, Veerman, de Geus, & Proctor, 2011); this may explain our lack of 
significant findings. 
Relationship between Physiological Arousal and Dissociation 
 Dual representation theory suggests that there are likely two pathways that 
contribute to the development of intrusive memories. The first of these pathways involves 
a dissociative response that is characterized by a decrease in physiological arousal. The 
second pathway is better characterized by an increase in physiological arousal at the time 
of trauma (Brewin 2007, Holmes et al, 2004). These findings are based on studies that 
have linked peritraumatic dissociation, and/or peritraumatic physiological arousal, to the 
development of PTSD (for reviews see Ozer, Best, Lipsey, & Weiss, 2003; Bryant, 
2006). Although there is some evidence that dissociative responses are accompanied by a 
decrease in physiological arousal among some clinical and non-clinical samples (e.g., 
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Holmes, 2004; Griffin, Resick, & Mechanick, 1997) this finding has not been 
consistently replicated (e.g., Kaufman, et al., 2002; Nixon, Bryant, Moulds, Felmingham, 
& Mastrodomenico, 2005).  
It is important to note that the most common metric used to assess arousal is heart 
rate. As discussed earlier, the role of parasympathetic and sympathetic influences make 
heart rate an imperfect measure of physiological arousal. Therefore we had proposed that 
the decreases in “arousal” occasionally reported in conjunction with dissociative 
reactions might be the result of increases in both sympathetic activation as well as 
parasympathetic activation. Given that the parasympathetic system has a more 
pronounced effect on heart rate (Berntson et al., 1993) a general trend in overall 
decreases in heart rate in response to stressful situations might be expected.  In the 
present study, our results provided some support for this proposition. As a group, 
individuals who reported dissociative reactions did not differ from those who did not, 
based on measures that examined changes in autonomic activity or overall heart rate. 
However, amongst individuals who did report dissociative reactions to the film, a positive 
correlation was found between increased dissociation and tonic sympathetic measures 
taken while viewing the film. A nonsignificant negative correlation was also observed in 
terms of the relationship between RSA while viewing the film and dissociative reactions.  
These findings suggest that that two pathways described by Brewin (2007) may 
not be as distinct as previously suggested. It may be the case that there is overlap between 
the two processes or, alternatively, that there exists a third pathway characterized by both 
an increase in dissociation combined with sympathetic arousal. This proposition is in line 
with findings from studies that have found that dissociation is accompanied by increases 
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in physiological arousal (e.g., Nixon, Bryant, Moulds, Felmingham, & Mastrodomenico, 
2005; Seterlini & Bryant, 2002). The proposition that dissociation may be linked to 
physiological arousal is also supported by a recent study (Sledjeski & Delahanty, 2012) 
that found that women who experience higher levels of dissociation show heightened 
physiological arousal in response to providing a narrative of their trauma experiences. 
Importantly, our study as well as that conducted by Sledjeski and Delahanty both used 
measures of cardiac activity designed to assess the influence of both branches of the 
autonomic nervous on cardiac activity. Therefore, these metrics appear to provide a more 
precise method for assessing physiological arousal related to dissociation that goes 
beyond examining traditional heart rate metrics. Future studies could use these methods 
to identify if the expression of dissociation differs across individuals in terms of arousal 
and provide evidence in regards to the presence of multiple pathways related to the 
development of PTSD symptoms.  
At present, the etiological role of dissociation in PTSD has not been well 
established and requires further clarification. It is also important to note that the measures 
used to assess dissociative symptoms vary widely across studies. It has been argued that 
the many different aspects of dissociation that these measures capture can make it 
difficult to generalize research findings (e.g., Bryant, 2007; van Der Hart, Nijenhuis, 
Steele, & Brown, 2004). In the present study, we made use of a measure that is proposed 
to act as a state measure of dissociation; the results of which were significant. The extent 
to which our results can be replicated using additional measures of dissociation, including 
those that examine specific elements of dissociation, warrants further investigation.  
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Impact of Tetris on Defensive Responses 
 In addition to replicating Holmes et al. (2009), another goal of the present study 
was to examine if the observed Tetris-effect extended to other symptoms frequently 
associated with PTSD. In particular, we wanted to explore if the Tetris effect would 
extend to tasks designed to elicit defensive startle reactions. We made use of two 
paradigms the eyeblink startle response and the cardiac defence response. 
 In terms of the CDR response, our results did not find a clear difference between 
conditions. However, we did find a three-way interaction between condition, image type 
(aversive or neutral), and time. This would suggest that a difference between groups 
might occur in response to the type of image at certain points in time. However, we were 
not able to locate the specific period of time in which this occurred through statistical 
approaches. Descriptively, it would appear that individuals in the Tetris condition showed 
a heightened and more sustained peak within the first 6 s following the auditory startle 
tone (particularly amongt individuals presented with the aversive image). Based on Vila 
et al.’s (2007) description of the CDR response, this would suggest a more pronounced 
release of parasympathetic influences over heart rate. Furthermore, the second peak that 
typically occurs approximately 30 s. following the auditory tone; this appeared to occur 
earlier amongst the Tetris group as compared to the rest group. Vila et al. suggest that this 
peak is attributed to an increase in sympathetic activity as well as a decrease in 
parasympathetic activity. Therefore, it may be the case that this response occurred more 
rapidly amongst individuals in the Tetris group.  
The findings based on the CDR are tentative, at best, given the lack of statistical 
support for differences between groups. The power behind this analysis may have been 
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somewhat compromised due to the fact that only the presentation of a single image was 
possible (given the rapid habituation of the CDR response), thus reducing the number of 
participants in each of the four groups that were examined. Replication of these findings 
will be important in order to verify if this effect does exist. Furthermore, it may be useful 
to make use of films with different content, as it may be the case the films that cause a 
more profound psychological and physiological response could have an increased impact 
on the CDR.  
For the eyeblink startle response, we had expected that individuals who engaged 
in the Tetris task would have a different set of startle responses when faced with images 
related to the trauma film. This hypothesis was confirmed, however the direction of the 
relationship was opposite of what we had expected based on theoretical predictions. 
Specifically, individuals in the Tetris condition showed a significantly heightened startle 
response on trials where aversive images from the film were presented, as compared to 
individuals who were in the rest condition.  
In order to further identify why this may have occurred, we conducted a 
moderation analysis to examine if the experimental condition impacted the relationship 
between self-reported negative reactions to the film and the magnitude of the startle 
response. Results from this analysis indicated that Tetris appeared to interfere with the 
tendency for individuals who reported feeling disturbed by the film to have a decreased 
eyeblink response. For individuals in the Tetris condition, no such relationship existed. 
These findings are at odds with a great deal of literature that suggests that negative 
images should potentiate eyeblink startle responses (e.g., Lang et al., 1998). However, 
this finding may be explained by the fact that the measure (IES) used to assess reactions 
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to the film assessed avoidance. Therefore, it may be the case that individuals in the rest 
condition actively attempted to avoid the aversive stimuli presented in the eyeblink trials. 
Alternatively, our findings may represent a process that has been recently discussed in the 
literature: Individuals who attempt to consciously regulate their emotions have a reduced 
eyeblink response to unpleasant visual stimuli (e.g., Driscoll, Tranel, & Anderson, 2008; 
Jackson, Malmstads, Larson, & Davidson, 2003). In line with dual representation theory, 
it may be that their adaptive processing of the trauma film led individuals in the Tetris 
condition to be able to cope with the images without feeling the need to regulate or avoid 
their reactions, thus leading to a heightened eyeblink response. This proposition could be 
investigated in future studies through asking participants to rate their level of self-
regulation or through creating groups that actively attempt to regulate their reactions. 
However, in terms of the relevance of this finding to PTSD, this finding could be 
interpreted to indicate that engaging in a visuospatial task immediately following a 
trauma has the potential to increase startle responses. Given that this is the first time 
findings related to defensive reactions have been reported, it will be important to replicate 
this aspect of the study.  
Limitations  
There are several general and specific factors that limit the findings reported in 
this study. First, the study relied on an analogue approach to examining symptoms 
resembling those that occur in PTSD. This approach has been criticized by some authors, 
who have indicated that findings from analogue studies bear no resemblance to what 
occurs in real-life traumatic situations (Spinhoven, Nijenhuis, & van Dyck, 1999; van der 
Kolk, 1996). However, there is substantial evidence that intrusive images frequently 
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examined in analogue studies closely resemble those experienced by individuals with 
PTSD (Holmes et al., 2004; Laposa & Alden, 2006). Furthermore, results from analogue 
studies have produced findings that are relevant to our understanding the etiology of 
PTSD. This has been demonstrated when findings taken from analogue studies have been 
replicated amongst individual within clinical populations (Holmes & Bourne, 2008; 
Ehring, Kleim, & Ehlers, 2011). Therefore, although analogue approaches do have 
limitations, they provide an opportunity to examine reactions to traumatic material that 
would otherwise be impossible to examine. 
A challenge with using the trauma film paradigm is the lack of a standardized 
protocol. In particular, different laboratories often use different trauma films. This may 
lead to differences across studies based on the content of the film (Weidmann, Conradi, 
Groger, Fehm, & Fydrich, 2009). In the present study, we used a film that did display 
graphic content, although how this compares to the graphic content in other studies could 
not be ascertained. Our findings may not be as generalizable as we wish because 
physiological and psychological reactivity can differ based on the content of the film. 
Ongoing research using different film paradigms will be an important element of future 
research. Ideally, a standardized library of trauma-related films should be developed, 
similar to what has been constructed for affective laden images (Lang et al., 1997).  
In addition to the film paradigm used in the present study, our approach to the 
analyses we conducted does differ from those implemented in some other studies. In the 
present study, we examined both physiological and psychological variables separately at 
different points in time, in the hopes of identifying factors that could predict the 
development of intrusive images. Some statistical approaches attempt to identify the 
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“best predictor” or “best combination of predictors” in order to understand contributions 
to the dependent variable, such as intrusive images. However, given that many of the 
variables we examined have not been used in previous studies of the trauma film 
paradigm, our analyses were quite narrow and specific. In future studies, examining the 
interaction amongst psychological and physiological variables provides the opportunity 
to better understand the relative contribution of these factors to the development of 
intrusive images. For example, Regambal & Alden (2009) made use of structural 
equation modeling to examine how psychological variables and psychological reactivity 
collectively contributed to the development of intrusive images. Similar approaches that 
integrate physiological variables offer an exciting opportunity to further understand the 
mechanisms that lead to the development of PTSD-like symptoms.  
One final limitation is important to mention. We examined the role of autonomic 
influences on the development of intrusive images; however, we did not examine the 
other commonly investigated stress-related pathway, the HPA-axis. The logic behind our 
focus on the autonomic system was based on major findings that the immediate release of 
noradrenaline, more commonly associated with sympathetic activity, is considered a 
necessary component in the strengthening of emotional memory (Cahill, Babinsky, 
Markowitsch, & McGaugh, 1995; van Stegeren, 2008; Wolf, 2008; Zald, 2003). 
However, the role of the HPA-axis and stress hormones, such as cortisol, can also 
influence memory, and may interact with noradrenaline to modulate memory processes 
(van Stegeren et al., 2007). Therefore, future studies may want to integrate measures of 
HPA activity in addition to measures of autonomic activity in order to gain a more in-
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depth understanding of how these stress systems collectively contribute to the 
development of intrusive images. 
Conclusion 
The present study was able to confirm some findings related to the development, 
and modulation of, intrusive images associated with a trauma film. The findings 
presented in this study partially replicated those from Holmes et al (2009); engaging in 
Tetris did reduce the frequency of intrusive images as compared to a rest condition. 
However, we were not able to replicate the finding that individuals in the Tetris condition 
reported fewer negative reactions to the film based on the IES self-report measure. An 
additional goal of this study was to identify psychological and physiological factors that 
could influence the development of intrusive images. We were able to demonstrate that 
during the film dissociative reactions, and increases in sympathetic arousal, predicted 
more frequent intrusive images. Interestingly, an increase in sympathetic activity and 
dissociation while engaging in the postfilm tasks was associated with a decrease in the 
frequency of intrusive images. We also found that increases in both positive and negative 
affect following the task were related to an increase in the frequency of reported 
intrusions for individuals in the rest condition, whereas these changes were related to a 
decrease in the frequency of intrusions amongst the Tetris condition. Finally, we also 
found that increases in dissociative reactions following the task led to fewer intrusive 
images. Collectively, these findings highlighted the importance of examining the 
contribution of both psychological and physiological measures in order to better 
understand factors that contribute to the development of PTSD. These findings also 
emphasize the importance of examining these variables following postfilm tasks, as this 
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may help to explain the manner in which these tasks interfere with the development of 
PTSD-like symptoms.  
Results from the eyeblink startle paradigm suggested that a heightened startle 
response was apparent among individuals in the Tetris group when they were presented 
with aversive film images prior to the auditory startle stimuli. It may be the case that 
engaging in the Tetris task could have interfered with the adaptive processing of the 
trauma-related material from the film, thus leading to a heightened response. 
Alternatively, these findings could be interpreted to represent a more adaptive response, 
as individuals’ defensive reactions were heightened when faced with only aversive 
material from the film; whereas responses to neutral images was equivalent across 
groups. This is supported by our findings using moderation analysis. At present, the 
relevance of this effect to etiological theories of PTSD is not clear. Additional research 
using the methods described in this study may provide an opportunity for researchers to 
explore the ability of interventions to modulate other symptoms associated with PTSD, 
such as hyper-arousal, in addition to intrusive images.  
One major advance put forward by the present study was the utility of using 
detailed metrics of autonomic influences on cardiac activity to investigate physiological 
contributions to the development of PTSD-related phenomena. Traditionally, studies that 
have examined cardiac activity in PTSD, and analogue studies of PTSD, have often 
examined cardiac responses based on overall heart rate. Indeed, Bryant (2006; 2008) has 
reported that in general, increased physiological arousal as measured by heart rate is often 
but not always associated with the development of PTSD. It may be the case that the true 
effect of physiological arousal (often attributed to sympathetic activation) could be 
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masked by the influences of parasympathetic activity, when heart rate alone is examined. 
In the present study, models that examined both branches of the autonomic influences on 
heart rate found a significant relationship between sympathetic arousal and intrusive 
flashback-like memories. Some studies have started to examine similar cardiac variables 
amongst individuals with pre-existing PTSD (e.g., Blechert, Michael, Grossman, 
Lajtman, & Wilhelm, 2007; Cohen, et al., 2000; Hopper, Spinazzola, Simpson, & van der 
Kolk, 2006). However, little attention has been paid to the potential contribution of these 
metrics to the etiology of PTSD, or within analogue studies of PTSD. Given the 
importance of these metrics, the approach used within the present study to analyze 
cardiac metrics could be applied to data reported in earlier studies by other authors. These 
methods can also be easily integrated into future studies that collect ECG data. 
Collectively, this approach would have the potential to significantly improve our 
understanding of the role of autonomic influences on the development of PTSD.  
In conclusion, the present study was successful in replicating previous studies that 
suggested that the development of intrusive memories could be altered through engaging 
in visuospatial tasks. This finding provides some additional support for the dual 
representation theory of PTSD. Furthermore, we were able to identify that both 
psychological and physiological factors may contribute to the development of symptoms 
associated with PTSD. Therefore, our results support other etiological models that 
integrate physiological responses with psychological responses to traumatic events. It is 
important to note that significant overlap exists among these models. The present study 
represents an effort to integrate etiological factors drawn from several of these models. 
Ongoing research in this area has the potential to further integrate these findings in order 
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to better understand the multiple pathways that may lead to the development of PTSD. 
The creation and validation of comprehensive etiological models of PTSD is a necessary 
step in the pursuit of minimizing the impact of PTSD on the many individuals who suffer 
from this devastating disorder. As these models continue to develop, it is hoped that 
factors that can interfere with the development of this disorder will continue to be better 
understood in the years to come.  
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Appendix A- Letter of Introduction 
Dear Potential Participant, 
 
Thank you for your interest in the study entitled "Physiological contributions to the 
development intrusive thoughts and increased arousal". The purpose of this study is to 
examine how the body responds to a frightening movie (i.e., a film depicting a traffic 
accident that involves people getting injured) and how physiological reactions influence 
memory of this film. In order to examine this issue, we require individuals to volunteer 
their time to participate.  
 
We are particularly interested in how bodily reactions influence the development of 
intrusive memories. Intrusive memories often consist of images and internal monologues 
that occur spontaneously within our minds. Most individuals experience intrusive 
memories between 1-5 times a day and these contain both positive and negative thoughts. 
In our study, we are asking individuals to complete some questionnaires online and then 
come into the laboratory for two sessions. During the first session, participants will be 
fitted with non-invasive instruments that measure things like heart rate and respiration. 
Participants will then be asked to view the film while we record their physiological 
reactions. At the end of the first session, participants will be given a diary and asked to 
report the number of times they thought of the film over the following week. When 
participants return to the laboratory they will be asked to do another task that involves at 
looking at pictures of the film while listening to loud noises. During both sessions 
participants will be asked to complete some more questionnaires. Collectively, 
participation in the study should take no more than 2 hours of your time.  
 
Participation in this study is completely voluntary. If you choose to participate in this 
study you can withdraw at any time without penalty. Also, we will be asking participants 
to complete questionnaires and you can choose not to answer any question if you do not 
feel comfortable answering it.  
 
One of the goals of our study is to examine how often participants have thoughts about 
the movie once they have left the laboratory. So, as a result of viewing the film you may 
occasionally think of the movie after you have left the lab. However, the experiment will 
be conducted by a Ph.D. level Clinical Psychology student (James Brazeau) and 
supervised by clinical psychologist (Dr. Ron Davis). Participants that have any concerns 
will be encouraged to contact Dr. Davis. Participating in the study also has potential 
benefits for participants. For example, through participating in the experiment you will 
have the opportunity to see how psychological research is carried out and have the 
opportunity to learn about how memories and thoughts work. In addition, results from 
this research study will be relevant to helping people suffering from mental health 
problems such as anxiety, depression and posttraumatic stress disorder. Finally, through 
participating in the study participants may avoid in engaging in certain dangerous 
behaviours (i.e. texting and driving). 
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All the data collected in this study will be kept strictly confidential; once you have 
completed the study no identifying personal information will be connected to the 
information that you have provided.  Furthermore, all data collected in this study will be 
kept in a secure filing system. If results of this research are presented and/or published 
any information that could identify participants will not be included. Upon conclusion of 
the study, any individual may have access the results, which will be available kept on file 
at the Lakehead University Library in the form of a bound dissertation. Participants are 
also encouraged to contact Dr. Ron Davis if they have any additional questions about the 
results of the study. The research project has been approved by the Lakehead University 
Ethics Board, who can be contacted through the information provided below. 
 
Thank you for taking interest in our study. If you have any additional questions please do 
not hesitate to contact as through the information provided below. 
 
 
James Brazeau, M.A. Clinical Psychology, 
Ph.D. Candidate, Lakehead University  
E-mail: jbrazeau@lakeheadu.ca 
Dr. Ron Davis, Ph.D., C. Psych, 
Associate Professor, Lakehead University 
Phone: (807) 343-8646 
E-mail: ron.davis@lakeheadu.ca 
 
Research Ethics Board, 
Lakehead University 
1294 Balmoral Street 
Lower Level 0001 
Phone (807) 343-8934 
 
* For online versions participants will be required to check a box indicating that they 
have read and understood the information contained in this letter. 
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Appendix B- Consent Form 
 
I understand that I am consenting to participate in the study entitled "Physiological 
contributions to the development intrusive thoughts and increased arousal". Furthermore 
the following have been explained to me in a satisfactory manner: 
 
I have read and understood the cover/information letter for the study. I understand that I 
will view frightening images and films that may involve graphic scenes (i.e., a car 
accident video) and that I may think about this movie once the study is completed. 
 I also understand the potential risks and benefits to this study which are contained in the 
information letter. 
 
I acknowledge that these risks and benefits have been explained to me in sufficient detail.  
That I may contact Dr. Ron Davis if I have any questions or concerns about the study. 
I understand that participation is voluntary and that I may choose to withdraw at any time 
and/or not answer any questions that are asked of me. 
 
All information will be kept strictly confidential and at no time will any identifiable 
personal information be released. All the information collected will be securely stored at 
Lakehead University for a period of five years. That the results of the research project 
will be available upon completion at the Lakehead University Library in the form of a 
bound dissertation. The results may also be published in academic journals and 
presentations. However, no identifying information will be indicated on any of these 
forms of publication.  
 
In addition, I understand that I may contact Dr. Ron Davis for information on the results 
of the study or any concerns that I may have.  
 
 
 
 _______________________   _________________    
 (Please Sign Here)*    Date 
 
 
*For online versions of the consent form participants were asked to check a box 
indicating that they consent to participate.  
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Appendix C- State Trait Anxiety Inventory 
State-Trait Anxiety Inventory 
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Appendix D- Visual Analog Scales  
 
Please put an 'X' on the lines below to indicate your mood at this very moment.  
 
 
1. How depressed  (e.g. sad or upset) at this very moment?  
 
_______________________________________________________ 
 Extremely        Not at all 
      
 
 
2. How happy do you feel at this very moment? 
 
 
_______________________________________________________ 
 Extremely        Not at all 
        
 
 
3. How angry do you feel at this very moment? 
 
_______________________________________________________ 
 Extremely        Not at all 
        
 
 
4. How anxious (e.g., worried, or tense)  
 
_______________________________________________________ 
 Extremely        Not at all  
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Appendix E- State Dissociation Questionnaire 
 
Please indicate the extent to which the following statements applied to you AT THIS VERY 
MOMENT 
 
 
DURING THE FILM        This applied to me  
 
       Not     A       Moderately    Strongly      Very 
       at all   little     strongly                            
 
1. I feel dazed, unable to take in what was happening. 0 1 2 3 4  
 
2. The world around me seems strange or unreal. 0 1 2 3 4  
  
3. My body feels as if it was not really mine.  0 1 2 3 4 
 
4. I feel emotionally numb.    0 1 2 3 4  
 
5. I feel as if I am separate to my body and am   0 1 2 3 4  
 watching it from outside. 
 
6. I feel as if time is going faster or slower than  0 1 2 3 4  
 it really was. 
 
7. I feel as if I was living in a dream or a film,   0 1 2 3 4  
 rather than in real life. 
 
8. Things around me seem too big or too small,  0 1 2 3 4  
 or distorted in shape. 
 
9. I feel distant from my emotions.   0 1 2 3 4  
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Appendix F- Tabular diary identical to the one used in Holmes et al. (2009) used with permission of the authors 
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Appendix G- Impact of Event Scale 
 
INSTRUCTIONS: Below is a list of difficulties people sometimes have after stressful life 
events. Please read each item, and then indicate how distressing each difficulty has 
been for you DURING THE PAST SEVEN DAYS with respect to Film of the Accident 
which occurred 7 days ago. How much were you distressed or bothered by these 
difficulties? 
 
To answer these questions please indicate a rating based on 0 = Not at all; 1 = A little 
bit; 2 = Moderately; 3 = Quite a bit; 4 = Extremely. 
 
 1. Any reminder brought back feelings about it. 
 2. I had trouble staying asleep. 
 3. Other things kept making me think about it. 
 4. I felt irritable and angry. 
 5. I avoided letting myself get upset when I thought about it or 
 was reminded of it. 
 6. I thought about it when I didn't mean to. 
 7. I felt as if it hadn’t happened or wasn’t real.. 
 8. I stayed away from reminders of it. 
 9. Pictures about it popped into my mind. 
10. I was jumpy and easily startled. 
11. I tried not to think about it. 
12. I was aware that I still had a lot of feelings about it, but I didn't deal with them. 
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13. My feelings about it were kind of numb. 
14. I found myself acting or feeling like I was back at that time. 
15. I had trouble falling asleep. 
16. I had waves of strong feelings about it. 
17. I tried to remove it from my memory. 
18. I had trouble concentrating. 
19. Reminders of it caused me to have physical reactions, such as sweating, trouble 
breathing, nausea, or a pounding heart. 
20. I had dreams about it. 
21. I felt watchful and on-guard. 
22. I tried not to talk about it. 
 
 
Running head: BIOMARKERS OF INTRUSIVE THOUGHT DEVELOPMENT 
 
144 
 
Appendix H- Self-Assessment Manikin 
 
 
Please indicate how the image makes you feel based on the following diagrams.  
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Appendix I- Screening Questions and Demographic Information 
 
 
 
Please indicate your age:  
 
Please indicate your sex: 
 
Marital status: 
 
Married/common law 
Engaged 
Long-term relationship 
Single 
Divorced/separated  
 
 
How many hours of videogames do you usually play in an average week? 
 ___ 
 
Have you ever played Tetris?  
 Y / N (please circle) 
 If yes, how many hours would you estimate that you have spent playing this 
 game: ____ (Hours) 
 
 
Please indicate if any of the following apply to you: 
 
I am currently, or have previously, received treatment for mental health difficulties (e.g., 
received therapy or taken medication for these difficulties). 
I suffer from depression, anxiety, or insomnia. 
I am currently taking daily medication to control migraines and/or high blood pressure.  
I have hearing or vision problems that would seriously impact my ability to view  and 
listen to a film. 
I am currently taking daily medication 
Please indicate which medications you are currently taking:  
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Appendix J- Debriefing letter 
 
Dear Participant, 
 
Thank you for taking part in our study. In this study, you were asked to view a film that 
depicted some graphic scenes. Hopefully, this was not too troubling for you. However, if 
you have any questions or concerns please do not hesitate to contact us through the 
information provided below. In addition, we have provided contact information for the 
Lakehead Health and Counseling Centre. If you have any mental health concerns, that are 
unrelated to our study, you may find it helpful to contact the counseling centre.  
 
Thank you for your time and interest, 
 
Sincerely, 
James Brazeau 
 
 
 
Contact Information: 
 
James Brazeau, M.A. Clinical Psychology, 
Ph.D. Candidate, Lakehead University  
E-mail: jbrazeau@lakeheadu.ca 
Dr. Ron Davis, Ph.D., C. Psych, 
Associate Professor, Lakehead University 
Phone: (807) 343-8646 
E-mail: ron.davis@lakeheadu.ca 
 
 
Lakehead University Student Health and Counselling Centre 
Phone: (807) 343-8361 
 
 
 
 


